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Original Communications 

A STUDY OP THE ESOPHAGEAL LEAD IN CLINICAL 
ELECTROCARDIOGRAPHY'-t 

Part I. The Application' op the Esophageal Lead to the Hu:man 
Subject With Observations on the Ta-Wa\"e, Extrasystoles 
AND Bundle-Branch Block 

W. Hurst Brown, B.M. (Oxon), M.R.C.P. (Lond.)? 
Toronto, Ontario 

I N recent years the field of clinical electrocardiogTaph.y has been 
extended b}' the reintrodnction of chest leads. The increased use 
of this type of “unconventional” lead has followed the work of Wood 
and Wolferth,'^^ who found that the standard or indirect Leads I, II, 
and HI sometimes fail to disclose information of diagnostic impor- 
tance in heart disease. Precordial leads have also been employed in 
an “exploring” role by AVilson and his collaborators^-*- in cases of 
bundle-branch block. There can be little doubt that the utilization of 
such nonstandard leads has provided a clearer insight into the elec- 
trical events occurring on the anterior surface of the heart and has 
aided in the detection of infarcted areas in the ventricle. On the 
other hand, the chest leads permit of no more than inferential con- 
clusions as to the electrical events in the left ventricle and disclose no 
new information with respect to the electromotive changes in the 
auricular muscle. It has been primarily with a view to in's estigating 
the value of the esoj^hagcal lead in exploring these regions that the 
present studies have been undertaken. 

The use of the esophagus as a site for the derivation of action cur- 
rents arising in the heart has had a considerable vogue in animal ex- 
perimentation. Kraus and Nicolai-' (p. 85), Rothberger and AVinter- 
berg,***^ Selenin,"’" and many others have made use of ano-esophageal 
leads in dogs. In such procedures the lead has been eraplo^’ed as an 
axial derivation and not as an exploring method in the more recent 
terminology of AVilson.**^ 

♦From the Cardiographic Laboratorj’ of Johns Hopkins Hospital and Uni- 

vcPsitv. , 

tPresented in abstract before the American Heart Association, Atlantic Citr, June 

11 . 1935 . 

tBingham Fellow in Medicine, Johns Hopkins Lnivcrsitj-. 
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In the human subject the alimentary route was first used by Waller'’® 
who placed an electrode in the mouth ; but, with the replacement of 
the capillary electrometer bj”- Einthoven’s’^® modification of AderV 
galvanometer, this derivation lapsed into disuse. In 1906 Cremer,^® 
attracted by the desirabilit}’- of a closer approach to the cardiac elec- 
trical field, reported that he had successfully placed an electrode in 
the esophagus behind the heart under roentgenological control. He 
advocated the wider use of this method inasmuch as it permitted of 
the closest possible approach to the heart in the normal human sub- 
ject. The following quotation from his paper probably explained why 
Ills enthusiasm was not communicated to the profession at large: 
“Zu meinen Versuchen bei Menschen diente mir hauptsaehlich ein 
Degenschlueker von Beruf der anodisch vorbehandelte Silberelek- 
troden bis zu 10 cm. Lange und 1.5 cm. Durchmesser beliebig in 
Oesophagus zu plazieren verstand”^® (p. 812). 

In 1934 Lieberson and Liberson®® revived the method and applied 
it to six normal human subjects. They used a small German silver 
electrode and placed it behind the heai’t under fluoroscopic control. 
Unfortunately the publication of a typical curve was unaccompanied 
by a detailed analysis of their material so that it was impossible to 
evaluate the importance of the method on the data given in their paper. 

The investigations reported in the present communication have been 
devoted to testing the theoretical validity and practical adaptation of 
the method to human subjects in health and disease. The subject has 
been treated under two main heads. Part I has been subdivided into 
the following sections : 

1. The application of the method: theory and technic. 

2. An analysis of the normal esophageal curves from the human 
auricle. 

3. Observations on the Ta-wave and auricular extrasystoles. 

4. An analysis of the ventricular complexes of esophageal leads in 
normal individuals. 

5. Observations on clinical cases of bundle-branch block and ven- 
tricular extrasystoles. 

Part II, to be published later, is entitled “An Electrocardiographic 
Study of Auricular Disorders in the Human Subject by Means of the 
Esophageal Lead.” 


Part I 

The Application op the Esophageal Lead to the Human Subject, 
With Observations on the Ta-Wavb, Extrasystoles 
AND Bundle-Branch Block 

SECTION I. THE APPLICATION OP THE METHOD : THEORY AND TECHNIC 

Anatomical Considerations . — As the esophagus passes downward 
through the thorax behind the trachea, it courses along the right side 
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of the arch of the aorta and then slightly backward over the root of 
the lung and bronchotracheal Ijnnph nodes (Fig, 1 A). It then runs 
slightly forward, and about 1,2 to 2 em, beloAv the tracheal bifurcation 
it lies directly behind the upper pole of the left auricle (Fig. IB) in 
the midline of the hodj^. In its downward course along the posterior 
surface of the heart (left auricle) opposite the eighth vertebra it begins 
to deviate to the left and lies in front of the descending aorta (Fig. 
1C). As it passes still farther to the left and forward to seek the 



esophageal aperture of the diaphragm, it passes the lower pole of the 
left auricle and traverses the posterior or basal portion of the left 
ventricle (Fig. IB). Its close cardiac relationships are, therefore, 
Avith the left auricle and the left ventricle. The right auricle and the 
cavae lie to the right and anteriorly at some little distance from the 
esophagus. The right ventricle lies anteriorly and to the right.^*’ 
Separating the esophagus from the structures enumerated are connec- 
tive tissue and the layers of the pericardium; During the Avhole of 
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its retrocarcliac course tlie esophagus lies close against the peri- 
cardiuni^i and acts as a sort of sling of hammock to the heart. 

Tlieoreiical Consideraiions. — Wilson and his associates^® have estab- 
lished the theoretical validity of the use of "semidirect” or “explor- 
ing'’ leads. They®'*’ have shown that curves obtained from an explor- 
ing electrode separated from the myocardium by media so constituted 
as to obey the laws governing the distribution of electrical currents 
in volume conductors conform to certain mathematical formulae. The 
soft parts of the body conduet electrical currents according to these 
laws. In the language of Wilson®^ (p. 613) : “It is obvious that an 
electrode which is placed upon the heart bears no special relation to 
the subjaeent muscle except that of nearness and that there can be 
no fundamental difference between placing an electrode actually upon 
the muscle and placing an electrode close to it, provided, of course, 
that in the second case the electrode is not separated from the muscle 
by non-eondueting substance.” 

It has been further shown by "Wilson and his eollaboratons®® (p. 8) 
“that the potential variations produced b.y the heart are very large 
in its immediate neighborhood and diminish rapidly as the distance 
from it is increased, and that the potential variations of the ex- 
tremities are, from a practical standpoint, negligible in comparison to 
those which occur within the heart itself.” If the leads are so ar- 
ranged in a galvanometric circuit that one electrode is close to the 
heart while the other is placed on the leg, the proximal electrode will 
be “exploring” or “different,” the I’cmote electrode will be “indif- 
ferent” and the manner of leading “semi direct.” "When the exploring 
electrode is veiy close to the heart, the potential changes detected by 
the indifferent electrode are comparatively minute and make no sig- 
nificant contribution to a record so obtained. In other words, the 
resultant curves are records of the potential variations as they affect 
the exploring electrode alone. 

It has been established by LeAvis and his a.ssociates®®.that in curves 
obtained from electrodes placed on the surfaces of the heart, the elec- 
trical events may be divided into two types, “intrinsic” and “ex- 
trinsic.” Intrinsic deflections are those signaling the aetiAntion of 
the small muscle area actuallj”^ in contact with the electrode. Extrinsic 
deflections are those resulting from electrical acthuty in parts of the 
heart muscle more or less distant from the electrode in question. The 
distinction is of pifime importance .since a determinahon of the exact 
time relationshi'ps of intrinsic deflections estahlishes the time at lolmch 
the explored parts of the cardiac muscle hecome actwated.^^ "Wilson 
and his coAvorkers,®'*’ ®®' ®®’ '^® liaA^e been at pains to shoAV by carefully 
controlled exjjeriments and consideration of the theoretical principles 
involved that under optimal conditions semidirect leads yield a faithful 
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representatiou of tlie electrical iDoteiitial variations in the small area 
of muscle immediately subjacent to the exploring electrode. The es- 
sential prerequisites of an efficient or trul}* reliable semidirect lead 
therefore demand that the exploring electrode shall he very close to 
the heart and the indifferent electrode at a comparatively great dis- 
tance from it. It has been shown that under these circumstances the 
intrinsic deflections maintain their true time relationships as deter- 
mined by direct leads witliin a negligible margin of error. 

As an exploring electrode is moved away from the heart, the po- 
tential variations .recorded by it are cpiiekl}* reduced in magnitude. 
The recorded curves are now correspondingly less immmie to the 
potential variations at the site of the remote electrode. Under these 
conditions the lead becomes less efficient as a semidirect lead inasmuch 
as cuiwes obtained by it are less faithful records of the potential varia- 
tions in the previously exj^lored small area of cardiac muscle. The 
intrinsic deflections are not only of smaller amplitude but also are 
somewhat distorted by the effect of potential variations at the remote 
electrode. Such distorting effects tend to disturb the true position 
of the intrinsic deflections to some extent. Precordial leads sufrler 
from these disadvantages, and, when great accuracy is desmable, cer- 
tain steps must be taken to exclude distortion due to the remote elec- 
trode by making it more truly “indifferent'' (Wilson and his asso- 
ciates®’). 

In the light of the.se established facts it is important to reexamine 
the, relationships of an electrode placed in the esophagus directly be- 
hind, the heart. Between it and the myocardium are the esophageal 
wall, the connective tissue attachment, and the pericardium. The con- 
nective tissue attachment is of variable length. Near the upper pole 
of the auricle it is capable, post mortem, of being stretched to an 
extent of 1 to 2 cm., whereas below, just above the diaphragm, it may, 
under tension, attain a length of 3 to 4 cm. It should be possible, 
therefore, greatly to increase the distance between the heart and the 
electrode. In practice, however, fluoroscopy shows that the esophagus 
habitually clings closely to the posterior wall of the heart, and the 
electrode, when in situ, it usuallj^ discerned only as a dark object 
apparently imbedded in the cardiac shadow. This is particularly so 
when the patient is in a sitting or semireclining posture. Under these 
eircum.stanees, which prevail in the procedure about to be described, 
the electrode is almost certainly within 1 cm. and probably within 
0.5 cm. of the underljdng myocardium. 

Prom what has been stated above, it is clear that an electrode placed 
in the esophagus immediately adjacent to the heart is in a position 
to detect the variations in electrical potential occurring in that organ 
with advantages which cannot be duplicated by any- other semidirect 
lead capable of easy application to the living human subject. It is 



6 


THE AJIEKICAN HKiVUT JOURNAL 


separated from tlie heart by a veiy narrow but excellent conducting 
barrier of tissue. Unlike precordial semidireet leads there is no inter- 
position of poorly conducting lung tissue between it and the heart. 
Above all, the proximity of the esophageal electrode to the soui-ce of 
changes in electrical potential reduces the possible interference of the 
distal or indifi-'erent electrode to negligible proportions and obviates 
the necessity of .special measures to combat distortion attributable to 
that cause. 

This conclusion was pxit to a simple test: 

A (log weighing 13.2 kg. was une.sllietizcd with dial and urethane (Giba: 0.0 gm. 
per kilogram). Tlie right auricle was exposed by a sternum-splitting operation and 
pericardial incision. To a point near the base of the right auricular appendix a 
kaolin-saline copper-sulphate electrode bearing a strand of fat-free wool (direct 
“ nonpolarizable ” electrode) was attached by a stitch. The strand of w'ool was 
insulated, except at its attached tip, by a thin rubber cover. The free ends of the 
thread of the aflixing stitch were carried tlwough the pericardium and then through a 
pad of lint 0.7 cm. in thickness saturated with normal saline solution. A silver 
esophageal electrode was then tied to the outer surface of the lint pad by the 
free ends of the original stitch thread. In this way the esophageal or semidireet 
electrode was superimposed upon the direct electrode and both were in a position 
to tap the electrical potential changes occurring in tlie small area of auricular 
muscle bearing the stitch. Each of these electrodes was attached to separate right 
arm terminals of a tu’o-stringed Cambridge galvanometer, and the circuits were 
completed by attaching the left leg terminals to the loft hind leg of the animal. 
By this arrangement electronegativity of the exploring electrodes was indicated 
by an upward deflection in the records so derived. Conventional Lead EC was 
attached to a single-stringed Hindle galvanometer from which the light was projectevd 
by prisms to a 12 cm. camera common to all three string shadows. The circuit 
resistances were balanced. In tliis way a triple simultaneous record was obtained 
of an indirect Lead II, a semidireet lead with a metal esophageal electrode, and a 
direct nonpolarizablo load. 

Figure 2 illustrates the result of this experiment. This curve has 
been subjected to a comparator analysis by which it was found that 
the onsets of the sharp xipstrokes or intrinsic deflections of the auricu- 
lar complexes exactly coincided in both semidireet and direct leads. 
The experiment, which has been sticcessfully repeated on four different 
animals, is, with minor variations, a repetition of the work of Wilson 
and his coworkers, and the results entirely eonfii’m their views with 
regard to semidireet leads Avheu the electrode is close to the heart. It 
has an additional interest from the point of Anew of the present prob- 
lem in that the same type of metal semidireet electrode was used in 
these experiments as was used in the investigations on the human 
subject in the series about to be described. The same method of 
procedure has been folloAved AA'ith regard to the ventricle, to which 
reference Avill be made in the later part of this paper. In neither 
instance has there been any eAudence of distortion of the eurves as 
obtained by the semidireet method due to polarization effects {vide 
infra). 
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The Clinical ApiJlicaiion of the Esophageal Lead 

In consequence of the conclusions reached on theoretical grounds, a 
study of 142 human subjects by the esophageal lead was undertaken. 
The subjects fell into the following groups: 

Normal control series 15 

Those with cardiac disease 127^' 



Pig:. 2. — Simultaneous records from the experiment described in the text. The 
upper record from indirect Lead II ; middle record, direct lead from the surface of 
the auricle ; tlie lower record from a semidirect lead placed exactly over the area 
tapped by the direct lead. The intrinsic deflections are the sharp upstrokes in the 
auricular complexes in the two lower records. They are exactly coetaneous. The 
camera is at double speed ; the time marker (vertical lines) indicating intervals of 
0«2 SGC» 

standardization of Lead II, 1 mv. = 10 mm. In the direct and indirect leads the 
standardization was unfortunately not recoi’ded but is about one-third and one-half 
of normal sensitivity, respectively. 


*The 127 abnormal cases have been classified in accordance with their outstanding 
cardiac manifestations as follows: 

Complete heart-block S 

Auricular extrasystoles 7 

Bundle-branch block 14 

Ventricular extrasystoles 9 


Discussed 
in Part I. 


Second degree heart -block 
Aortic insufficiency (sjT)hilitic) 
Hypertensive heart disease 
Discussed Myxedema 

in Part II. Rheumatic heart disease 

Auricular tachycardia 
Auricular flutter 
Auricular fibrillation 
Miscellaneous 


3 
2 

28 

4 

24 

4 

4 

21 

2 
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The ]\l(‘.lho(l . — "Willi llu; suliject in a .sillin}; or Kinnirccliuing po.silioii 
the jiharynx is sin-ayod with r» por coni huiyn solution. During llii.s 
proooduro tlio .subject, is instructed to inlialc deejily two or three liitie.s 
and then to .swallow. J'’r(un three to five minutes later a subjective 
inunbne.ss or “wooden” sen.sat.ion in the lower ])harynx is indicative 
of an adequate degree of local anestliesia. The electrode is then passed 
in the usual manner. 

Desert III ion of thr Ktre.troiJr.~~The ch*ct rmlc coiijiivts of u Pinull iicitr-sliupcJ 
ijilver or Gcrniim silver muss iittncliftl to n jeirtinlly inincnlol Geniian silver 
wire wliirh is ia tmn e.overeil t>y a thin soft nihl'cr tiilM’. 

Tile following nre the <Iinicn.siori.s which were fomn! to jirofiin’c the most satis- 
factory olectroilo: 

The jnof-.ihttpeil siiver miii-sD 

.Length (incltnling fhoige) — in. 

Ditiinelcr of widest ji.'irt (lower end) — in. 

Itintncier of iniddle jcirt — -)■(,; in. 

Dinnieler of .cniall llange at njijier end for attnelimcnt of the 
insulating mliher I e.he — in. 

Thr (itnnon sHnr nirc: 

JJitiinetei — l-i,, in. 

Lengtii—idHitU fit in. 

The nth her lithr: 

Ibnnieter (outside) tiUout in. or less. 

Length — tlO in. 

The sollil silver mass is canalir.ed isi the efmter from tqvex to base to talmit tlio 
wire. In flic center of the base n small silver screw is made to fit into ti counter- 
sunk dcprc.'ssion. Tbe wire is led in from the ajie.'c, and the end is semirely fixed 
by the screw info the coimtersunl: base. AH ,«hurj> siirfaces on the silver mass are 
etirefully smoothed. Tlic insulated rubber eovering is s'ceurcly tie>t to tlie tipie.nl 
flange tmd to the wire near its free jwojecting end. The rubber tube is nmrkoil 
in eentimeters between the disltinees to -la cm. tis measured from tlie widened 
lower end id' the })ear-sha|M;d silver mass. The base of the trunetited cone of the 
silver ball is downward when the electrode is introduced, thus minimizing discomfort 
both in swallowing and upon witlalrawal. 

The Tcehnic of Vassinr} the Elect roilc. — The opcnitor stands on the right side of 
the patient holding the insuhited wire in hi.s right hand. The silver hall is placed 
on the dorsum of the tongue. Tlie snhjeet, in a sitting position, is instructed to 
liold the chin well in and to tiiko two successive tjnick .swallows with the teeth hold 
apart. As this is done, the insulated wire is gently but rapidly passed through 
the fingers so that the electrode slips in the course of a few seconds to a depth of 
about 20 cm. from tbe tcctli. lie is then told to take three or four deep breaths 
hy mouth tmd again to swallow. Iti this w.ay the electrode in less than ten seconds 
reaches a depth of about 30 cm. and lies below the level of the bifurctition of the 
trachea, thus obvd.ating any tendency to cough. A few deep hrcatlis at any juncture 
will abolish “gagging” after the larynx has been passed. 

There, is no need for haste in subsequent steps. The effect of butyn is dissipated 
in some fifteen to twenty miinite.s, but in this series no undue discomfort was en- 
countered when, in some of the experimental procedures, the chx:trode was retained 
in situ for as long as one liour. 

*In a new eloctroOe of Uic same dimensions all except a narrow band of tbe 
widest portion is insulated, icull tests of this electrode have not yet been completed, 
but polarization effects are considerably increased. 
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Fh(07’oscopic Control of the Position of the Electrode. — ^Tn ambula- 
tory patients tbe next step is to determine tlie relationships existing 
between the depth of the esophageal electrode and the cardiac cham- 
bers. By using orthodiascoiDie technic throughout, the positions of 
the electrode are marked on a line drawing of the heart in terms of 
depth in centimeters fi*om the teeth. It is best to begin with the 
electrode in jDosition just above the diaphragm behind the base of the 
left ventricle. This particular jjosition is easiest determined with the 
patient in the left anterior oblique position. The patient is then placed 
in the right anterior oblique po.sitioii, and the electrode is pulled up 
a few centimeters at a time in successive stages and held in position by 
pressure of the teeth while the determinations are made. In this man- 
ner the depth of the electrode is known for each position, and the elec- 
trode can subsequently be replaced at the several points without resort 
to the fluoroscope. 

Determination of the Position of the Electrode When Fhioroscopic Control Is 
Impossible. — As 22 of the series of 142 subjects M'ere not well enough to undergo 
fluoroscopic examination, an additional measurement was made in all cases of the 
series in an attempt to acquire some other guide to the position of the electrode. 
With the patient in the (sitting posture and the angle of the jaw horizontal, the 
distance from the tip of the thyroid cartilage to the top of the ensiform cartilage was 
measured. A comparison was made between these measurements and the depth read- 
ing on the gi-aduated esophageal electrode and the knonm positions of the electrode 
with respect to the Iicart. Averaging tlie results in which fluoroscopic control was 
available, it was found that multiplication of the measurements in centimeters (tip 
of thyroid cartilage to the midriff) by the factor of 1.33 always indicated the depth 
in centimeters requisite to bring the electrode behind the left auricle. Tlie measure- 
ment thus obtained seemed to be of more value, in that it was less arbitrary, than 
that of MinkowskP^ (35 to 37 cm. from the teeth). 

The Galvanometer Leads and Method of Bccording. — ^After an ex- 
haustive comparison of all possible combinations of the esophageal 
lead with indifferent points, including the front and back of the chest 
as well as the conventional site,s, it has been decided as a routine pro- 
cedure to use an axial lead roughly comparable to standard Lead II. 
The right arm terminal of the galvanometer is attached to the pro- 
jecting free end of the wire from the esophageal electrode and the 
left leg terminal to the left leg. Curves taken in ihis manner indicate 
electronegativity of the right arm tcrminol hy an vptvard stroke on the 
record. 

The electrode is placed in the position found by fluoroscopy to be 
just above the diaphragm and behind the left ventricle. The patient 
is instructed to swallow with the teeth clenched to ensure that the 
electrode has passed to its full depth. Successive records are llicn 
taken. Bet-^reeJJ each record tlie electrode is i^ulled uj^ 1 or 2 cm. and 
held in position by the teeth. By proceeding in Ihis^ manner, the whole 
of the posterior and postero-inferior surfaces of the heart may be 
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tiavei’sed in tlie esophageal plane until the electrode passes above the 
upper limits of auricular tissue. In this series six or more such records 
have been taken as routine, but three are usually sufficient for most 
purposes. Immediately after or before these reeords are taken, the 
conventional Leads I, II, and III are obtained for comparison. 

At the conclusion of the operation the esophageal electrode is with- 
dra^vu by swift but gentle traction, washed, sterilized and placed in a 
graduate of distilled water until further use. 

Comment on Detail 

Difficulty With the Compcnsatinff Jtesislance . — ^In many of the newer galvanom- 
eters insufficient adjustable compensating resistance is included in the control bos. 
It is manifest that greater compensation may be required under the conditions of 
procedure (one electrode internal and the other on the skin surface) than rvith 
conventional leads. "Wlicn it is found impossible, as sometimes is the case, to bring 
the string back in front of the camera with the lead circuit fully thrown in, two 
adjustments may be made. The first is to reapply carefully the skin or indifferent 
electrode. The second is to readjust the standardization of the compensating cur- 
rent so as to permit a deviation of 15 degrees instead of tlie usual 10. This ma- 
neuver gives a 50 per cent increase of the available E.M.F. in the compensating 
circuit but, of course, necessitates a revaluation on that basis for each millivolt 
step in the adjusting resistance in the control bo.v. The difficulty never arises 
in the older instruments in wliicli a sufficient range of adjustable compensating re- 
sistance is available. 

Polarization of the Electrode . — ^AU electrodes used in electrocardi- 
ography are subject in some degi'ee to polarization, and this is particu- 
larly intensive when small metal electrodes are used.^® Because un- 
duly large degrees of polarization cause serious distortion of electro- 
cardiographic records,®’- it is necessaiy to examine the esophageal 
electrode from this point of mew. 

Before the above described method was adopted, repeated tests for 
polarization of the esophageal electrodes were made according to the 
procedure followed by Pardee.^® One end of a bandage saturated with 
normal saline was arranged to en-wx’ap the esophageal electrode, and 
the other was placed against the contact face of a German silver leg 
electrode 5.5 cm. by 3 cm. in dimensions. The two electrodes were 
then connected with a Hindle galvanometer and successive one milli- 
volt additions or subtractions of the compensating current were made. 
The string wms loosened sufficiently to obtain a 1 cm. deflection for 
each millivolt in the presence of about 2000 ohms resistance in the 
testing circuit. 

Figure 3 illustrates the results of four such tests. Beeord 3 a shows 
the deflection of the string when a resistance of 2000 ohms was sub- 
stituted for the testing or electrode circuit. It is to be observed that 
the string has been purposely left loose to obtain the full effect of 
polarization in the subsequent recoi'ds 3 Z> and 3 c. Beeord 3 6 is a 
record of standardization curves with the esophageal and leg elec- 
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trodes in the galvanometer circuit. The curves of record 3 c show the 
degree of j)olarization obtained when a second leg electrode is sub- 
stituted for the esophageal electrode. Eecord 3 d illustrates the effect 
of adding sufficient h3'droehlorie acid to the saline to bring the acid 
concentration to about 0.3 per cent. The circuit in this instance is 
arranged as in 3 & (esophageal and leg electrodes) but the string has 
been made less sensitive, and this somewhat masks the increase of 
polarization which occurred. 

In the clinical use of the method a higher degree of polarization than 
is illustrated in record 3 1) has not often been encountered. Occasion- 
ally in the lower positions of the esophageal electrode a marked drift- 
ing of the string in one direction and a considerable disturbance of 
the standardization curve liave been observed. It is possible that these 



Fig. 3. — For details see text. Records a, h, and c are taken with the galvanometric 
string standardized so that 1 mv. = 9 mni. in the presence of 2000 ohms resistance. 
Record d is taken with the string sensitivity reduced to one-half this amount 


are due to regurgitation of acid stomach contents into the lower 
esophagus. After a few seconds the drift of tlie string becomes negli- 
gible although distortion of tlie standardization curves still, of course, 
remains. It is possible even in these circumstances to obtain fairlj' 
presentable curves, but there can be no doubt that thej* are consider- 
ably distorted. 

The way in which such curves are modified by polarization requires 
some comment. There is interference both with the recorded amplitude 
and to a slighter extent with the time relationships of the more rapid 
changes of potential and, in particular, the returning stroke from anj' 
shaiplj’- develoiDed peak. The aboA'e observations have been directed 
only to the instances in which an undulj* large polarization effect is 
noted, and it should be emphasized that such instances are compara- 
tively rare. Since, however, the method is subject to this disadvantage 
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in some degree, it is likely that detailed comparisons from case to ease 
with respect to amplitude may load to fallacious conclusions. On the 
other hand, comparisons based on the time relationships of particular 
deflections in the same recmrd or in different records from the same 
patient arc valid unless there is clear evidence of a gross change in 
the degree of polarization. 

A large grou]) of patients have been examined at repeated intervals, 
and in these comparator analyses of the curves obtained from the same 
esophageal sites in the same individual have shown a high degree of 
fidelity even to the minute details of the compared records. This is 
considered to be substantial evidence that the slight degree of polari- 
zation illustrated in Pig. 3 is not of a grave character. In an earlier 
part of this paper (Pig. 2) exjierimental evidence has been offered in 
further support of this contention. For these reasons it has been 
concluded that, although admittedl.v not entirely free from polariza- 
tion efi'cets, the electrode and the method as described may legitimately 
be applied to electrocardiographic investigation in the living human 
subject. 

Phasic Doviaiioiis of ETirancous Oriffiv. — In some patients, especiall.v 
with low lying positions of the electrode, marked phasic delations 
of the base line may occur. These may be very great if the electrode 
is in the sphineterlike diaphragmatic opening. In other po.sitions they 
arc chiefl.v due to resjiirator.v interference. It is advisable, therefore, 
to have the patient arrest his brciithing for the requisite time during 
the actual recording. Swallowing or coughing will also affect the 
curves. 

Sirhg Stavdarclizaiion. — Except when otherwise stated, in all the 
records reproduced in this paper the string standardization is the same 
in the esophageal and conventional lead (1 mv. equals 1 cm.). It is 
expedient to restandardizc the string for each new position of the 
electrode. 

Coniraindications io ihc Use of the Method. — ^Apart from patients 
with actual disease of the pharynx or esophagus (tumors, diverticulae, 
infection, abscesses, etc.) and patients who are criticallj’’ ill or are 
vomiting, there are no contraindications to the method, Butyn is bitter 
to the taste ; so it may be taken as a guide that if a patient who is ill 
cannot tolerate the mere spraying of the throat, it is useless to attempt 
to proceed. It should, however, be emphasized that the passage and 
retention of the electrode, as outlined above, occasions less discomfort 
and is better borne than similar ijrocedures with duodenal or small 
stomach sampling tubes. 

In the entire series no prolonged attempt was made to introduce the 
electrode. On only two occasions was the initial attempt unsuccess- 
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ful; both were in psj^elionenrotie patients. In all other instances 
the electrode was successfully and easily passed in less than fifteen 
seconds. 

Swnmary of Section 1 

1. The anatomical relations of the esophagus to the heart chambers 
are indicated. 

2. An electrode in the esophagus behind the heart is an “explor- 
ing^’ or “semidirect” electrode. The theoretical considerations relat- 
ing to the use of an esophageal electrode as a semidirect lead in 
clinical electrocardiograph}^ are reviewed, and experimental evidence 
is ofi;‘ered in support of the conclusions reached. 

3. The method is described in detail and the clinical cases to which 
it has been applied are enumerated. 

4. Certain difficulties, including polarization of the electrode, are 
discussed. 

5. The conclusion is reached that on both theoretical and practical 
grounds the method may legitimately be applied to electrocardiographic 
studies of healthy and diseased conditions in tlie living human subject. 

SECTION 2. AN ANALYSIS OP THE NORJIAL ESOPHAGEAL CUR'SU^S 
FR0:M THE HUMAN AURICLE 

In Section 1 of this paper evidence has been ofi;ered to prove that 
records obtained by the use of an esophageal electrode may be con- 
sidered to be essentiall}" the same as those obtained by a direct lead. 
For this reason it is proper to refer to esophageal curves as “elec- 
trograms” as distinct from “electrocardiograms” as obtained by in- 
direct leads. The distinction is made in the interests of clarity, for 
it is obvious that a curve obtained by the esophageal method is not 
primarily a record of the currents of action of the heart as a whole 
since the heart does not lie between the two derivative electrodes. 
Such a curve is rather a record in Avhich all cycles of activity of the 
lieart are indicated but in which disin-oportionatel}’- great emphasis 
is placed on the changes of potential in one small region of cardiac 
muscle lying immediately adjacent to the exploring electrode. 

Before proceeding to a consideration of the findings in disease, it 
is desirable to determine the character of esophageal electrograms in 
the normal human subject. To this end fifteen normal controls were 
examined by the method. The ages of the members of this group 
ranged from twenty-two to fifty-eight years. The findings obtained 
when the exploring electrode was lying close to the auricle will first 
be reviewed. 

T/ie Auricular Comiolex . — Figure 4 A recalls the general relationships 
of the esophageal electrode to the human auricle. The drawing repre- 
sents the posterior surface of the heart. The esophagus is shown 
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overlying the left auricle and the base of the left ventricle. It is seen 
that normally the esophagus does not come into contact with the right 
aui'iele nor the venae eavae although it is quite possible that rotation 
of the heart and possibly enlargement of the right auricle may bring 
these structures into a closer relationship. The upper and lower limits 
of the left auricle are indicated by broken lines. 

In Pig. 4 B, the curves A to R are those obtained from the corres- 
pondingly lettered positions of the electrode indicated in the drawing 
(Pig. 4 A). In positions C to G, inclusive, the electrode lies behind the 



Fie:. 4A. — ^Drawing of a posterior surface of the Iiuman heart to illustrate the 
position of the esophagus in relation to the left auricle and the left ventncle. Tne 
lettered areas indicate the regions tapped by the electrode. See Figure 4B. 

left auricle. In these curves the P-waves have a polyphasie character. 
If they are examined more closely, it is apparent that they exhibit dif- 
ferences, the most pronounced of which concern the main upward stroke. 
In curve D this stroke occurs very early in the complex, whei’eas in G 
it occurs much later. It is also noteworthy that the P-waves of recoi’ds 
A and B, obtained from i^ositions above the level of auricular tissue, 
are of very different character from those just mentioned, and that A 
is ver 3 ‘ like the conventional Lead II. These curves (A and B) differ 
from the others (C to G) in the complete absence of any sharp upstroke. 
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The sharp upstroke is, therefore, obtained only when the electrode is 
very near auricular tissue. As already stated, such upstrokes indicate 
electronegativity of the small region of myocardium immediately sub- 
jacent to the electrode. 

In the experiment which provided the data for Fig. 5, a double 
esoidiageal electrode was used. The principles of construction were 
the same as those described aboAm except that a hole was bored in the 
center of the upper silver ball to permit the passage of the iusulated 



P1&. 4B. — Subject, a normal student, aged tu'enty-three years,_ illustrating the 
esophageal electrograms obtained respectively from the areas_ indicated by letters 
in Pig. 4A. Lead II and chest Lead V are included lor comparison. Standardization 
for all curves is shown in record which also demonstrates that polarization is a 
negligible factor. Por full discussion see text. 

Note. — T he heavy vertical lines in the curv'es marlt_ the time in 0.2 sec. 'interva^ 
This is true of all illustrations in tlie paper. In many instances as in the curves here 
reproduced a further subdivision into time intervals of 0.04 sec., has been made. 


wire from the loiver electrode. The distance between the electrodes 
was I cm. Each esophageal electrode was attached to one of the right 
arm terminals of a two-stringed galvanometer. The left leg served 
as the site of the remote electrode or indiffereut lead in both circuits. 
Simultaneous records could thus be taken from tivo different points 
on the auricles. 
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Tlie line drawing of the heart in the right anterior oblique position 
indicates the relationsliip of the two electrodes to the left auricle 
(crosshatehed) as determined bj" fluoroscopy.* The records taken 
simultaneously from these two points are shown immediately adjacent 
to the drawing (curves marked A were obtained from electrode 1 and 
curves marked B from electrode 2). Each of these curves is also shown 
taken simultaneously with Lead IJ, care being taken to avoid anj^ 



Fig:. 5. — Simultaneous records from a normal subject aged fifty-turo years, rvitli 
graphs to illustrate the comparator findings. A double esophageal electrode was 
used. . , , „ -r. 

The arrows at P and P', respectively, indicate the beginning and end of the P- 
w^ave in Lead II. For a full description see text. 


change in the positions of the electrodes. The accompanying graphs 
are based on data obtained by careful comparator analysis of the 
auricular curves (Lucas comparator). The P-wave of Lead 11 is not 
drawn in full but is represented as beginning at the arrow P and end- 

•The subject was a man, aged fifty-two years, wliose heart lay transversely on an 
unusually high diaphragm. 
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ing’ at the. arrow P'. Each of the esoj)hageal P-waves is shown i)lotted 
against that of Lead II and against one another.* 

An analysis of the graphs shows that in each a wave Sn represent- 
ing a very small negative potential difference starts about 0.018 see. 
before the onset of the P-wave in Lead II. This is followed by a 
larger sluggish upAvard or negath-e deflection a, and this in turn by 
a more sharply delineated doAvinvard or positive stroke e. Then oc- 
curs a rai)id change to negatmt 3 * and the sharp upstroke i is Avritten. 
Pinallj’ a more leisurelj’’ deflection o seeks the isoelectric line and ends 
near it simultaneous^' with the end of the P-AvaA'e of Lead II (arrow 
at P'). 

Discussion of Interpret at ion. — The folloAving exj^lauation of these 
eA'ents is offered. 

The low voltage waA’e Sn, Avhich is not included in the P-wave of 
coiiA^entional Lead II, must represent the earliest electrical activity 
in the auricle. It may be that it is produced by the actiAmtiou of the 
sino-auricular node. In this series it is frequentlj’^ not discernible 
under the comparator for eveiy position of the electrode, but when 
observed its diwation is fairh* constant. The range is from 0.011 to 
0.018, sec., -AAuth an aA’^erage of 0.0142 sec. 

"Wedd and Stroud®^ demonstrated in dogs Avith direct leads taken simul- 
taneously Avith Lead II that tlie low grade electrical jDotential difference 
representing the activation of the sino-auricular node and the imme- 
diatelj* adjacent structures were not included in the P-Avave of con- 
A'entional Lead II. The}' found that this AvaA^e usually started about 
0.01 see. before the onset of the P-AAmA’e. Eyster and Meek“° confirmed 
this obsei’Amtiou. 

The waAm AAdiich is designated a- is tliouglit to represent the summa- 
tion of aetiAmtion effects of parts of the auricle distant from the 
electi’ode. The alternatiA^e possibilit,y that it may be due to interfer- 
ence from the indifferent electrode is not yet AAdiolly to be excluded. 
To this end comparative records have been taken using Wilson’s 
technic®^ for increasing the indifference of the remote electrode Avith- 
out significant diminution in the amplitude of the AvaAm. The propo- 
sition that the AvaA^e a is Avholly to be attributed to distortion from 
potential differences under the iudiff’erent electrode is clearly unten- 
able, for the occurrence of the Sn AvaA'e cannot be explained on this 
hypothesis. 

The posith'e deflection c lieralds the approach of the aa^a’^c of ex- 
citation nearer and nearer to the cardiac tissue lying closest to the 
electrode. The work of Craib® indicates that this tissue, immediately 
before it becomes activated, is electroj^ositiAm to the tissues which are 
undergoing activation in its immediate A'icinity. If this interpretation 


♦Corrections ^vere made for differences in standardization in the esophageal curves 
to permit of accurate comparison. 
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is correct, tlieii all of these effects (deflections 8n, a and e) are “ex- 
trinsic'’ by the definition of Lewis.®- They are the effects produced 
by activation of more and less remote portions of the auricular myo- 
cardium. 

Tlie sudden change fi-om positivity to Jicgativity (at the junction 
of deflection e and ?) signals the arrival of the excitation wave at the 
cardiac tissue underlying tin*, cleclrode. The negative deflection i, 
therefore, represents tlie phase of acti%‘ation of this small region and 
is, consequently, “intrinsic” in chai'actcr (Lewis®'-). In the language 
of Craib,® deflection i represents the passage of the activating train 
of doublets under the electrode ; and tlie deflection o seeks the isoelec- 
tric line as the spread of excitation reaches the last unactivated por- 
tions of the auricle and dies away. The fact that deflection o seldom 
ends on the isoelectric line (but usually above or below it) and that 
the remainder of the P-R interval is likewise seldom truly isoelectric is 
in all likelihood due to the doublets of retreat or “repolarization.” 

This is a phase which will be more clearL' demonstrated in a later 
consideration of the Ta-wavc. 

The graiihical representation of cui-vcs A and B in Fig. 5 clearly 
indicates that the intiansic deflections occur at different intervals in 
the P-wave, althoiigh their actual duration is fairly constant. The 
position of tlie i or intrinsic deflection in the auricular complex must, 
since it indicates activation of the tissue immediately underlying the 
electrode, be due to two factors. It must depend upon the distance 
separating that tissue from the origin of the wave of excitation (i.e., 
the length of the pathway traversed by the excitation wave) and upon 
the rate of conduction in 1,hc intervening auricular musculature. In 
the same way the position of tlie intiln.sic deflection with respect to 
the isoelectric line (whether it starts below or ends above it) also 
depends on these factors. If the electrode becomes negative very late 
in the P-wave, the foregoing extrinsic effects are greater and the in- 
trinsic deflection starts far below the isoelectric line ; it may even end 
on it if the tissue over which the electrode lies is among the last of 
the parts to be activated.®®’ In these instances the occurrence of 
the i deflection may often be later than the summit of the P-wave in 
Lead II. The converse is also true. If it were possible to place the 
electrode exactly over the sino-aTiricular node, the intrinsic deflection 
would occur at the very beginning of P.®® It would start from the 
isoelectric line and run above it. The extrinsic parts of the curve in 
this instance would be wholly wa-itten by the wave o (see Fig. 12, in 
which an extrasystole arose almost exactly under the electrode; also 
compare curve D with G in Fig. 4 B). Records obtained when the 
esophageal electrode is below the level of the lower pole of the auricle 
usually show a rather ill-defined or polyphasic P-wave of low ampli- 
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tude {H, Fig. 4 B). It is possible that such potential changes are in 
part due to electrical events occurring in the neighboring inferior vena 
cava. 

The P-wave of conventional leads is thus to be regarded as the sum 
of numerous intrinsic electrical events of the tyi^e which has been de- 
scribed. This fact now demonstrated in the living human heart con- 
forms with the experimental work of Boden and NeukirclF on the 
isolated human heart, of ‘Wilson and others®” on animals, as well as 
with the views expressed b}’' Lewis.^- 

Eecapitulation of Section. 2 . — ^When an electrode is placed in the 
human esophagus behind the left auricle, the recorded auricular com- 
plexes have a characteristic appearance so long as the electrode re- 
tains its close relations with the auricle. Such curves may be desig- 
nated as “esophageal electrograms.” When the electrode is placed 
at a higher level, the recorded curves take on the character of indirect 
axial leads not unlike those of conventional Lead II. In auricular 
esophageal electrograms the outstanding features of the P-wave are 
its pol 3 ^phasie form and the presence of an intrinsic deflection. The 
intrinsic deflections have been accepted, on the basis of evidence of- 
fered in Section 1, as accurate indications of the time of activation 
of the various auricular regions exiDlored b.y the esophageal electrode. 
Analysis of the P-waves has further demonstrated that in some eases 
a small wave occurs before the onset of the P-wave of conventional 
Lead II. This has been attributed to the influence of electromotive 
changes incidental to the activation of the sino-auricular node. 

SECTIOIir 3. OBSERVATIONS ON THE TA-WAVE AND 
AURICULAR EXTRASYSTOLES 

That the P-wave of the standard electrocardiogram does not repre- 
sent the electromotive changes of the auricle in their entiretj' has long 
been common knowledge. Although several observers (Kraus and 
Nicolai, Samojloff,”® Straub^”) had previouslj’- described an “after- 
wave” which followed the P-wave of auricular contraction, Hering”'^ 
was the first to prove that it was a part of the auricular complex. He 
named it the Ta-wave and considered it to be the auricular analogue 
of the T-wave of the ventricle. This work was confirmed in isolated 
heart preparations from various animals bj- the following workers: 
Bering,”^ 1909, frog; Eiger,^”* 1911, 1913, frog; No.vons,^® 1910-11, 
frog, carp ; Samo jloff,®® 1910, cat ; Kahn,”®> 1909, 1911, dog ; Mines, 
1912, frog; Bakker,” 1912, eel; Prederieq,-” 1912, isolated strips of 
cardiac muscle of the dog; Norr,^‘^ 1913, horse; Wiedemann,®” 1917, 
dog ; Eiimke,®^ 1918, isolated strips of cardiac tissue from frogs ; Boden 
and Neukirch,® 1918, and Boden,® 1921, the human heart. 
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A coiisiderablc range in clnrnl.ion of the Ta-%vavc Avas reported. 
Measured from the onset of P to the end of the Ta-Avave (P -h Ta in- 
terval) the folloAving variations were noled: Eigeri-* (see curves 5, 
6, 7, 11, 12, 12a of his paper) 0.25 to 0.8 see.; Ilering"* (isolated frog's 
heart) 0.25 to 3.0 sec.; E.y.ster and Meek-^ (tortoise heart) 0.48 sec. 
(average) ; and Boden and Kcukirch*'’ isolated human heart 0.4 to 
0.52 sec. No doubt the Avide range found by the above authors Avas 
in part due to experimental conditions such as fatigue and tempera- 
ture, but Bodeir^ and Eystcr and iMeelc-® shoAA'ed that other factors 
may change the P + Ta interval. The latter shoAved that in the 
tortoise vagal stimulation shortened the P + Ta interval and changed 
the form of the Ta-A\mvc, and Bodem'^ demonstrated a shortening of 
the P + Ta interval Avith acceleration of tiie heart rate. In a paper 
by Andrus and Padgcl,'^' Avhieh has not yet been published, there is 
evidence that the P + Ta inteiu-al is shortened Avith shortening of the 
refractory period of the aui’icle. 

Studies of the Ta-Avave in the human sub.ieet in the past Avere con- 
fined to data obtained from com'entional leads. Sprague and White-’'® 
published observations on the Ta-AvaA’e in a series of thirty -seven pa- 
tients Avith complete heart-block. In eighteen eases the AvaA’e Avas 
A'isible in one or more leads. These Avaves vei-y seldom attained a 
height of 2 mm. and Avere opposite in direction to the P-Avave. Caliper 
measurements of the curves .shoAved a P + Ta interval ranging from 
0.34 to 0.42 see. (average 0.37 sec.). In other AA'ords the ratio 

P + Ta interval , ^ ^ r- 

— T-vr ■'vas about S.(. 

DAU-ation ot P 

It has long been knoAA-n that the myocardiogram of the A-entricle 
bears a close relationship to the Q-T interA'al. It has also been a 
common observation that the auricular myocardiogram greatl}’- exceeds 
the duration of the P-avra'c. An excellent illustration of this fact is 
shoAvn in Pig. 8, p. 148 of the paper by LcAA'is, Peil and Stroud.®' 
Caliper measurements of this figure shoAV that the contractile phase 
of the auricle occupies 0.115 sec. and the total length of the myo- 
eardiogram 0.326 see. Tliis clearly sIioaa^s that the auricular myo- 
cardiogram in the dog extends Avell into the A-entricular comifiex under 


the conditions of normal rhythm. 

That a parallelism exists betAveen the auricular myocardiogram and 
the P + Ta interval is Avell shoAvn in the monograph of Wenckebach 
and Winterberg®® (Fig. 17, Tafel 9). The exact degree of correspond- 
ence betAveen these Amines has been a subject of dispute^®' - 
but the intere.st in the Ta-Avave largely arises from the relationship 
existing betAveen the P + Ta interAml (as indicating the total duration 
of the electrical CA'cnts in the auricle), the auricular myocardiogram, 
and the length of the refractory period oYiuricnlar muscle. 


♦Personal comiminication. 
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111 tile iiresent series careful comparator studies were made of tlie 
P + Ta interval whenever opportunity presented. Several good ex- 
amples of such waves were found. As would be expected, they were 



Fig. 6. — Patient B. :m. The curves on the left (6o) show conventional Lead II 
(upper curve) and an example of an esophageal electrogram in a patient with com- 
plete aurieuloventricular dissociation. The comple.xes marked with a cross are 
followed fay Ta-waves. On the right (6&) are similar curves obtained with reduced 
string sensitivity from the .same patient under conditions of first degree heart-block. 
The crosses indicate a small wave described in the text. 



Fig, 7. — ^Patient B. C. Lead 11 above and an esophageal lead below. Complex 
marked by cross shows an ectopic auricular extrasystole followed by a Ta-wave. 
(See also Table I.) 


of much greater amplitude and more clearly sliomi than in any pre- 
viomsly pu dished examples from the living human subject. 

Figures 1 and 8 illustrate records from women in whom frequent 
auricular cxtrasystoles were occurring from ectopic foci. These are 
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not followed by ventricular contractions and the Ta-waves are clearly 
discernible both in the esophageal curves and in Lead 11. 

Figure 6 a shows records taken from a male subject forty-five years 
of age who sulfered from Adams-Stokes attacks. A complete auriculo- 
ventrieular dissociation is present (ef. also Fig. 9). At the points 



Fip. S. — P.itlent A. J. (See Table f.) Record.'! obtained from a patient ."iiowlns' 
numerow-s anriciil.ar c.xtra.'!y.«tole.'!. Conventional Ijead."; I, III and II, are at tlic top. 
Records So and Sh, are e.sopliaqcal eurv'cs from two different auricular .sites. Tlie 
cro.sses indicate aiiricular coinplexe.s followed by Ta-wavc.s. Records Sc, Sd, and Se 
show siinult.ancou'i record.s obtained one month later. I>jad II i.s shown below, and 
curve.s from the csophaceal electrode at v'ariou.s levels are shown above. Note the 
frequent occ\irrenci! of Ta-wavc.s -and the form of the ectopic P-wave.s as contrasted 
with those ari.‘!injj' in the usual site. 

marked with erosse.s tiie auricular comjilcxe.s occur at the end of the 
T-wave of the preceding ventricular comiilcx. Such P-wave.s are fol- 
lowed by a clearly defined biphasic wave, the Ta-wave. Figure fi h 
shows records from llie same man on the next dat' when sequential 
rhythm with a first degree heart -hloek was pre.senl. In the esophageal 
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records of this example a tiiij* wave interrupts the ventricular S-T 
interval. It is found, on measurement, that the distance from the 
beginning of the P-wave to the end of this wave is almost exactly 
equal to the P + Ta interval in Pig. 6 a. The record also suggests that, 
if a first degree heart-block were not present, this wave would fall 
near the onset or even on the ascending limb of the ventricular T-wave 
of esophageal electrograms. The comparator measurements obtained 
from the examples encountered in the seiaes including those cited above 
are sliown in Table I. 


It will be seen from the measurements given in Table I, that the 
duration of the P + Ta interval as measured from the beginning of 
the P-wave to the end of the Ta-wave ranges from 0.405 to 0.503 see. 


and that the ratio of 


P + Ta 
P 


may be as high as 5.63 and as low as 4.05. 



The average ratio for all cases investigated is 4.72, a figure consider- 
ably greater than that found by Sprague and ^Yhite.“S This finding 
is of additional interest inasmuch as the duration of tlie P-wave as 
measured in esophageal electrograms is usuallj’’ longer than that found 
in conventional leads (Fig. 5). 

There is considerable variation in the character, though not the 
length, of the Ta-wave in the same patient, depending on the position 
of the esojjhageal electrode. The amplitude and the direction of the 
wave or its components are found to vary for different positions of 
the esophageal electrode. On occasions the after deflection is preceded 
by a return to the isoelectric line (Pig. 7) comparable to the S-T seg- 
ment of the ventricle. In records from othei esophageal sites in the 
same patient all trace of the isoelectric phase may disappeai. Simi- 
larly a wave which is upright in one position of the esophageal lead 
may become biphasic in other positions. These variations aie fre- 
quently to be seen affecting the P-B interval in many of the curves 






B. S. Conijiloto A-V dinHoointion l).1»S2 O. IK' •(.(>(! 

('.1074 0.4:?.s (A'S -5.07 

A. A. C.'oniiiletc A-V diH^nciHliou O.ldlti (). tUll 4.")5 

O.KIOS 0.157 l.ns 1.57 

AvoniK*,* V!iIuC5 (i.ltOOl! " lUlTrt dTfiP 



BKOWX" : ESOPHAGEAL LEAD 


25 


shown in this paper in which a high take-off of the Ta-wave causes a 
marked deviation of the P-R interval from the isoelectric line under 
conditions of sequential rh.vtlim. 

There is no doubt that the Ta-waves in esophageal curves exert some 
influence on the S-T segment of the ventricular curves for they cer- 
tainly extend well into this part of the complex. This is well illus- 
trated in Pig. 10. In this record there are three instances when the 
ventricular complex is not preceded by an auricular complex (sino- 
aurieular block or standstill). The S-T segments of these ventricular 
curves are decidedly different from those modified bj’’ an antecedent 
auricular complex. The form of the ventricular complexes themselves 
does not vary, and it is justifiable to assume that they are all of supra- 
ventricular origin. It is too much to suggest that eomparativeh’- large 



modifications of the ventricular S-T segment may be due to this cause 
in indirect or conventional leads. It should be noted, however, that 
there is great variation in the amplitude of auricular T-waves from 
patient to patient and that Sprague and AVhite^® have been able to 
detect definite waves in 50 per cent of their series, some being as high 
as 2 mm. In view of these facts it is timely to sound a warning against 
interpreting minor deviations of the S-T segment of conventional 
curves as evidence of ventricular damage, for they maj be caused by 
auricular events which, extend farther into the ventricular complex 
than has generally been recognized. 

AuHcvlar Extrasystoles.— Bavly papers by Levds^'^’ have placed 
emphasis on the variations in form of the P-waves of conventional 
leads as indicating the ectopic origin of auricular extras 5 ’’stoles. In 
Figs. 7 and 8, which have been referred to before, the differences in the 
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form of tlie P-ivave of llie csopluigeal electrograms in extrasy.stolic 
and normally occurring comjilexes are well illustrated. In Fig. 11 
an example is given of auricular cxtrasyslolcs occurring in the pres- 
ence of complete A-V dissociation, the inlerpolatcd beats causing an 
auricular bigeminy. The ditl'ereneos in ibe form of flie coupled auricu- 
lar beats in these records recall the 1* complexes of Fig. 5. In Fig. 5 



I'ic. 11. — I’.'ilU'iU (.1. 15. ca.Mi! of coiiipli'to A-V 01.‘if‘(ici!iUot! nna Intnivf.'ntrleiilar 
block wblcli illustviitva tiuilciilur bitrcmiiiy at jmlnt:: liiflic.-it< »i be cro.tiscf,'. The In- 
terpolated aurleulai- oomt'te.vcs clearly arl'.-e from ectopic foci plitce they diaer In 
form from the rcftuUuly occurrinR bents. 



I'lg. 1.. — Patient D. W. Auricular cxti-asystolcs. The lower two records arc taken 
ii'oni esophageal leads. Lead II Is shown above. The cxtrasystolos arc indicated by 
crosses. The ectopic complex in the lower record arises from the region almost 
exactly belotv the electrode. Standardization, 1 mv. = 7 mm. in esophageal curves. 


one focus is acting as origin for all aiirienlar beats, and the differences 
in the complexes obtained from the two separate exploring electrodes 
are due to the fact that the electrodes were at nncfjnal distances from 
the sinus node. Figure 31 presents the converse of this, for here the 
single electrode remained stationary, and two different foci were in 
effective action. 
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In Section 2, reference has been made to a record showing an estra- 
S 3 stole originating’ almost exact!}'' under the esophageal electrode. 
Phis is exemplified in Fig. 12 (lower curve). The complex begins at 
once with an intrinsic deflection, and this is followed b}^ a long ex- 
ti'insic after effect. The total duration of the ectopic P-wave is 0.1367 
sec. as compared with 0.0849 sec. for the normall}* occurring P-waves. 
The following explanation for this prolongation of the length of the 
P-wave appears reasonable. It is known from the experiments carried 
out in Lewis’ laboratorv^^- ss normal excitation wave starts 

from the sino-auricular node and spreads radiall}' throughout the 
auricle. In the present instance the wave is known to arise at an 
eccentric point in the left auricle at some distance from the sinus node. 
To reach the furthermost tissue of the right auricle, it must therefore 
travel considerabl}' farther and consume more time in transit than 
is normally the case. 

It seems safe to predict that a more general use of the esophageal 
lead might soon result in criteria for the localization of auricular ex- 
tras3'stoles and thus supplement the early Avork of Lewis®^ in this field. 

Becapiiulaiion of Section 3. — SeA'eral examples of clearly visualized 
auricular T-Avaves have been illustrated, measured, and discussed. The 
conclusion has been reached that this part of the auricular electrical 
cycle ma}* extend much farther into the S-T segment of the ventricular 
complex than has hitherto been recognized and cause minor deviations 
from the isoelectric line in conventional leads. 

Examples of auricular extrasystoles have been illustrated and the 
suggestion has been made that a AAdder use of the esophageal method 
might be helpful hi determining the .position of the focus responsible 
for the ectopic beats. 

SECTION 4. AN ANALYSIS OP THE AT5NTRICULAR COMPLEXES OF 
ESOPHAGEAL LEADS IN NORIMAL INDIA'IDLTALS 

In Pig. 4 B, in which the standardization of the string is the same in 
all cui’A'es including the conA'entional and chest leads, it is at once ap- 
parent that the Avhole of the ventricular complex is exaggerated Avhen 
compared Avith Lead II. The T-Avave is Avider and more pointed, hav- 
ing its onset earlier and frequently being folloAved by a U-Avave. 

It is further to be noted that in no curve obtained with the eso- 
phageal leads in Figs. 4 B, and 5, is a Q-Avave present. Comparison with 
Lead II in this latter figure shoAvs that the onset of the E-Avave in the 
esophageal lead precedes that in Lead II. Under the comparator (as 
is indicated in the graph) the R-Avave of the esophageal curves is seen 
to coincide with the earliesst sign of activity in Lead II. In the con- 
ventional lead this event is Avritten as a tiny Q-Avave. In all of the 
normal controls and in all but a very fcAv of the abnormal eases the 
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earlipst .si<,>'n of vciitrienlar cloolrioal activity is always an upstroke or 
R-wavc wlion the electrode is behind auricular tissue. The onset of 
the R-wave in siudi esophapreal curves coincides Avith R of Lead J1 
only when no trace of a Q-wave is present in that lead. 

The following- sug'prestion is olTered in explanation of this fact. If 
an exjdoriufr electrode is i)laeed aprainst, or almost ap:ainst, aurieidar 
musculature, then at the mtsct of ventricular excitation it is tapping 
the electro])otential chanp:es oceurrinp'- in the ventricle under peculiar 
circumstances. It is connected io the internal surface of the ventricle 
by an electrolytic medium: the Avail of the auricle and the auricular 
contents. 'I'he atrioA’cntricular A-ah-es are open. Xoav it lias repeat- 
edly been shoAvn that the earliest siprn of actiA'ity in the normally beat- 
inp: ventricle is manifested by electronepat ivity of the endocardial sur- 
face. LcAvis'” and Wilson'’’^ haA'e both shoAvn. in collaboration Avith 
others, that this (deiUrical chanpe can be detected by an electrode 
placed in the blood inside the ventricular chamber. By analopy the 
esophapeal electrode, thouph more remotely situated, repisters initial 
nepatiA’ity as the first sipn of ventricubii- activity. 

Apart from the above mentioned peculiarities, the vcniricvlar com- 
pUwrx ohiaiiicd irhni the cftojthiiffcdl devtroilr is; hiiud close to auricu- 
lar musculature closely simulated in their peneral character the QRS 
conpilexes of Lead II. Althouph this Avas time in all but one sub.iect 
of the control series, there Avere frequent exceptions in the series as 
a Avhole. In such instances the ventricular complexes of the eso- 
phapeal curves had a biphasic form AA'ith a Avell-defined S-AvaA'o. An 
analysis of the material of the entire .seines to deteinnine the a.ssoeia- 
tion of such biphasic esophapeal complexes to A'gntricular jireponder- 
ance paA’e the folloAvinp residts: Tn all cases of riplit A’cntricular pre- 
])onderance the esojihapeal A’cntricular conqilexes Avere ahvays mono- 
jdiasic and upripht, and in all ca.ses of left A’cntricular prep»>nderanc'‘ 
the.A’ Avere biphasic AA'ith deep S-AA'aA’os. In the cases which fell be- 
tAveen these tAvo extremes, there Avas in peneral a close similarity to 
the QR8 complexes of Lead II. In those instances in Avhich the QR8 
conqilex of Lead II Avas monopbasic Avhile some of the esojihapeal ven- 
tricular complexes Avere bijihasic, the jiosition of the electrical axis in 
conventional leads apjiroached in preatei- or le.ss depree the border 
line betAveen the normal range and left axis deA'iation. In these cir- 
cumstances the bijihasic A’cntricular comjilexes occurred in the curves 
obtained fi-om the loAver auricular jiositions of the esojihapeal elec- 
trode (Fips. o and 13). In other AAmrds. the A’entricular curves showed 
an increased dejith of the 8-waA'e as the electrode ajijiroached the 
atrioA’cntricular proove and the A’entricular musculature. 

When the electrode is placed hclow the level of the auricular mus- 
culature and close to the hasal portion of the left ventricle (position 
II, I<''ip. 4 A), characteristic chanpes occur in the form of the electro- 
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gram. Tlie I’-waves take on the slurred iU-defined form wliicli has 
already been noticed in Section 2, Avliile the QES complexes at once 
-become decidedly biphasic in character, a diminished R-AvaA'e being 
folloAved by an exaggerated, deep S-wave (Pig. 13). This striking 
alteration in the form of the A'entricular comjdex for .inxia-ventrienlar 
positions of the esophageal electrode in normal indiAddnals demands 
elucidation. Most particularly is it desirable lo determine whetbev 
the aj)i)eai'aiice of the S-waA’e is due to the influence of an intrinsic 
deflection arising in the ventricular area explored. 

Admittedly, an electrode in the lower esopliagus docs not always 
lie as close to the heart as it does at the auricular levels (Pig. 1), but 
there can be no doubt that it is, in this location, closer to the base of 
the left A'entricle than is a ]n'eeordial lead to the surface of the right 
A'entricle. It follows, therefore, that the arginnents of Wilson and liis 
associates"^ relating to intrinsic deflections in ])reeordial leads over 
the right A*entricle must apply a foriiori to the esophageal electrode 
when the latter is employed as an exploring lead to the left ventricle. 



E"!?:. 13. — Patient L. B. Single records denion.strating tlie clninges in tlie ventrir- 
nlar complex in esophageal electrogi'ains for different positions of the electrode. 
Bead II and che.st Lead V are included for comparison. Tlie ilgure.s below tin; record.® 
indicate the depth of the electrode in centimeters as measured from the teeth. Xote 
the appearance of an S-wave in the QRS complex when the electrode i.« near tlie 
atrioventricular groove (at 34 cm.) and the diminution of the R-wave and great in- 
crease in the amplitude of S when (at 36 cm.) the electrode n’ache.s a juxta-ventric- 
ular position. 


Lewis^- (p. 115) has e.stimated ou the basi.s of experimental findings 
hi dogs that, in a normal human subject, the basal portion of the left 
ventricle may be activated as late as: O.Ofio sec. after the beginning of 
A’entricular excitation. In arguing from this standpoint, it becomes 
obvious that a ventricular intrinsic deflection recorded by the eso- 
phageal lead must occur relatii'ely late and. in fact, almost at the end 
of the QRS complex. As Lewis and RothsehihP" have shown, the ex- 
citation wave .spreads i^ery rapidly along the Pnrkinje system of both 
A'entricles. the. septal portions of the musculature being first excited. 
The main factor responsible for the difference in time at which signs 
of activation appear on the epieardial surfaces of the ventricles is the 
relative thickness of the slowly conducting ventricular musculature 
of the two chambers. These facts explain ivhy. in the normally fune- 
tioniuff heart, the pericardial surface of the right ventricular base is 
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activated in advance of the corresponding portion of the left ven- 
tricle. This also explains wh}’’ right ventricular preponderance tends 
to reverse this relationshi]^ and Avhy preponderance of the left ven- 
tricle tends to accentuate the differences in time of activation. 

It is the rule in all the normal eases studied hy the esophageal elec- 
trode in juxta-ventricular positions to find that the beginning of the 
upstroke of the S-wave occurs progressively later as the electrode is 
moved upward and nearer to the free margin of the ventricular base. 
In the series of fifteen normal subjects the average time of onset of 
the upstroke in the S-wave has been found to lie between 0.04 and 
0.058 see. after the beginning of ventricular activity. In cases of left 
ventricular preponderance it has occurred as late as 0.063 sec. and its 
time of occurrence has shown an approximate relationship to the total 
length of the QES complex. When marked right ventricular prepond- 
erance is present S is sometimes absent and may be represented b}'^ a 
notching or slurring in the downstroke of the K-wave. Because almost 
all esophageal records from the left ventricle of normal cases show a 
well-defined E-wave, it is extremely unlikely that the onset of the 
S-wave in the electrograms is to be taken as the exact time of onset 
of the intrinsic deflection arising in the muscle underlying the elec- 
trode. In other words the E-wave of such esophageal electrograms is 
certainly extrinsic in nature and is produced by the activation of 
areas of ventricular muscle at some distance from the electrode. The 
downstroke of the E-wave must represent the development of electro- 
positivity in the small area tapped by the electrode. It is the resultant 
of extrinsic potential variations produced at a distance and charges pro- 
duced in the area immediately adjacent to the electrode. The nearer 
the electrode is brought to the surface of the ventricle, the less is the 
manifest influence of the distantly arising extrinsic potential differ- 
ences, and the less the influence of potential changes at the remote 
electrode on the left leg. For this reason curves obtained with the 
electrode closely opposed to the ventidcle have the smallest E-waves 
and the largest S-waves and are those in which a determination of the 
time relationships of the upstroke of the S-wave most accurately rep- 
resent the true position of the intrinsic deflection arising from the 
base of the left ventricle. 

An experiment Avas devised to proA'e that the above argument is sub- 
stantially valid and that the intrinsic deflection from the epicardial 
surface of the base of the left ventricle occurs at the approximate time 
occupied by the upstroke of the S-wave in esophageal leads from that 
part of the heart. 

A dog ■weighing 12 hg. was anesthetized \vith dial and uretiiane. The heart 
was exposed by the removal of a section of the thoracic cage and splitting of the 
pericardium. The free end of a woolen strand was stitched to the left ventricle 
1.5 cm. from the atrioventricular groove. The remainder of the strand was insulated 
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by rubber so that it was prevented from coming into contact with an}- part of tht 
heart. The strand of wool, thoroughly moistened in saline, was lixed in a “’non- 
polarizable” kaolin-paste copper-sulphate electrode, which m turn was attached to 
the right arm tenninal of a two-stringed Cambridge galvanometer. The free ends 
of the thread stitching the electrode to the heai-t were then passed through the peri- 
cardium and loosely tied around the underlying esophagus at a point opposite the 
site of fixation. An esophageal electrode of the type used in cbnical research was 
passed into the esophagus imtil the silver bulb la}- opposite the ventricular area 
tapped by the direct lead. This electrode was attached to the right arm terminal 
of the second galvanometer string. Indirect Lead II was attached to a Hindle 
galvanometer. The left leg was used as a site for electrodes, completing each of the 



Fig'. 14. — ^Records illustrating the findings in three animal experiments to determine 
the relationship existing between the S-waves of juxta- ventricular esophageal elec- 
trograms and the true intrinsic defiections as obtained by direct leads from the base 
of the left ventricle. The leads are recorded simultaneously; 2, Lead II ; OF, 
esophageal cur\ms ; and D, direct leads. For a full description see text. 

three circuits. ’The resistances of all three circuits were balanced. By the use of 
appropriate prisms simultaneous tracings from the three leads were recorded on 
one camera. 

Sample curves from three of five such experiments are shown in 
Fig. 14. Records a and h are taken from two different dogs. Although 
no R-wave is present in either of the direct electrograms (middle 
cuiwes). the (loiver) curves from the semidirect leads have an initial 
upward deflection. The onsets of the upstrokes of the S-waves are 
also later than the onsets of the simultaneously recorded inti-insic de- 
flections in the direct leads, hut they coincide exactly with the point 
at which the latter cross the isoelectric line. 
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Beeord.s c, d, and c- of Fi<i'. 14 have been obtained from a third animal. 
Tlie esophag'eal leads in tliis instance are i-eeorded in the middle and 
the dii'ect leads in the lover enrve.s. i?eeoi‘d c is very similar to records 
a and h, bnt in I'ecord d the esophageal electrode lias been displaced to 
a j)osit.ion 2 eni, away from the heai't, while in record e the electrode has 
been moved to a position 2 cm. nearer the head of the animal. Both of 
these manenvers have re.snlted in noteworthy alterations in the QllS 
complexes of the cnrves recorded hy the semidirect (eso])hageal) lead. 
The R-waves in each instance have become, mnch more prominent, and 
the S-waves are greatly I’ednced in amplit.ude. Tlie upstroke of the 
S-wave in records d and c has also lost all pretense of representing the 
po.sition of the intiinsic deflection sigJialling the time of activation of 
the base of the left ventricle. The results of these and two other similar 
experiments are ijnjiortant because they afford proof that the intxiiisie 
deflections from the base of the left ventricle nonnally occur near the 
end of the QRS complex and that the deep S-wave of jnxta-ventricnlar 
esophageal eleetrogranis is to be attribnted to the inflnenee of such in- 
trinsic deflections.’^" It is conclnded that in the xiormally beating human 
heart the njxstrokes of the S-waves of esophageal electrograms from the 
I’egion marked H in Pig. 4 A. Section 2. are indicative of the approxi- 
mate time at Avhich the adjacent A’entidcnlar sui'faee becomes activated 
as long as the electrode is fairly close to the ventricle. A reAoew of 
the findings in fifteen normal cases indicates that abnormal delay in 
activation of the base of the left Awntricle is demonstrated Avhen the 
iipstr'oke of a deep S-wave of a jnxta-Amntrienlar esophageal electx-o- 
gram begins later than 0.065 sec. after the onset of ventricnlar activ- 
ity. In cases of intraAwntricnlar delaj’^ it is likely that the esophageal 
electrogram is msnally a xnore faithful gnide to the time of activation 
of the left ventricular base, for, under the circumstances, there may 
be less interference from poAverfnI extrinsic electrical forces arising 
in remote areas of the heart, these haAnng had time to pass the zenith 
of their inflnenee. 

Bccapiiulaiinn of Section J . — When the esophageal electrode is lying 
behind auricular mnsenlature the Amutrienlar complexes,' though some- 
Avhat exaggerated in amplitude, commonly bear a close resemblance to 
those of conventional Lead II. In ca.ses of left venti-icular preponder- 
ance they are usually biphasic in type, paidicnlarly Avhen the electrode 
appi'oaches the aurieuloA’eutricnlai' junction. When the electrode is 
placed beloAv the auricle in a jnxta-ventricnlar position, not only do 
the P-waA'es become ill defined but. in the absence of marked rigid 
ventricular preponderance, the QRS complexes invariably become ex- 

*The interference fi-om extrinsic sources invariably acts to delay the onset of the 
upstroke of S. Por this reason the on.set of the true intrinsic deflection tends to 
precede tliis upstroke. It i.s probable, therefore, tliat in a normal human heart Uic 
b.'ise of the left ventricle is never activated later than O.OSS see. after the heprimiin): 
of tiie QRS complex. 
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aggeratedly bipliasic. The amplitude of R decreases and S becomes 
disproj^ortioHatelr large. From botli tlieoretieal aud experimental 
standpoints there is strong evidence that, provided the electrode is 
close to the base of the ventricle, the upstroke of the >S-wave may be 
accejDted as indicating tlie approximate position of the intrinsic de- 
flection caused by the activation of the region adjacent to the elec- 
trode. The region so tapped by the esophageal electrode in its juxta- 
ventricular position is the base of the left ventricle, aud the position of 
upstroke of the S-wave of .such curves may therefore warrantably be 
taken as a guide to the time at which the peiicardial surface of that 
part of the heart becomes activaled. Almormal delay m activation of 
the base of the left ventricle is certainly indicated when in such curves 
a deep g-wave begins its upward stroke later than 0.065 sec. after the 
onset of the QRS comiflex. 

SECTION 5. OBSERVATIONS ON CLINICAL CASES OP BUNDLE-BRANCH 
BLOCK AND ’nSNTRICULAB EXTRASYSTOLES 

Bimdle-Bravcli Blocl '. — The literature bearing on this much disputed 
subject has recently been reviewed by Mahaim.^^ It is sufficient for im- 
mediate purposes to indicate the present views of the opposing schools of 
opinion. The "old terminology,” so widely accepted on the evidence 
offered by Kraus aud Nicolai.-** Eppinger and Rothberger,^' Bppinger 
aud Stoerk,*^® Lewis, aud Caiter’’ ® (to mention only a few), has con- 
fidently survived the early criticisms of Fahr,-^ and Oppenlieimer and 
Pardee^~ only to bend before renewed and recent attacks. The start- 
ling results of Barker. i\raeleod, xVlexander, and WilsoiP from experi- 
ments on the exposed living human heart in situ have been followed 
by painstaking and original researches by "Wilson, Macleod and 
Barker. The results of their inve.stigations have led them to 
conclude that the interpretations of the "old terminology” are pre- 
ciseh^ the reverse of what they should be. The evidence offered in 
support of the "new” and now widely accepted interpretation of 
standard records in cases of bundle-branch block has in turn been 
called in cpiestion by Rothberger*’” and Wahaim.'*^ 

Wilson and his collaborators*’'® postulate that curves showing diver- 
gence of the chief deflections in standard Leads I and III indicate left 
bundle-branch block; whereas thesej by far the commonest type found 
in intraventricular delay in clinical electrocardiography, have pre- 
viously been attributed to block of the right bundle. A considerable 
part of the evidence which has been brought in .support of their con- 
clusions is electrophysical and mathematical in character, but the data 
have been used as a foundation for careful research on animals and 
clinical ea.ses. The approach of the Wilson school has been e.ssentially 
on a functional basis in that they have largely disregarded morbid 
anatomical investigations and have used the electrocardiograph as an 
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indicator for determining the order in which the ventricles become 
activated. To this end they have employed preeordial leads in an 
exploring role and have attempted by this means to detect delay in 
the activation of the affected ventricle by measuring the time of oc- 
cnrrenee of the intrinsic deflections from both chambers. In their 
investigations they have liad to contend witb certain difficulties, not 
the least of whicli has had to do with the effective ap]:)lication of the 
exi)loring electrode. It is, apparently, comparatively easy to obtain 
trustworthy intrinsic deflections from the right ventricle by chest 
leads, but ‘Wilson'’'^ has himself expressed dissatisfaction with some 
of his attempts to “tap*’ the left ventricle. 


Eothberger'^'’ and iilahaim,''^ in company with a considerable number 
of other workers, are ranged in opposition to the views of the Wilson 
school and the new terminology. Both of these observers believe 
that the right bundle is much more commonly blocked than the left 
but that an interruption of conduction in the right bundle is very 
seldom nnassoeiated with a partial block on the left side. Eothberger 
bases his conclusions on earlier experimejital work with Winter- 
berg'*-’ which he has recently elaborated."'* IMahaim^^ has attacked 
the problem b}* meticulous researches in the pathological field. He 
has subjected the whole of the previously published evidence to a 
strict analysis and has added much new material from his own ex- 
haustive microscopic studies of post-mortem hearts from clinical cases 
of intraventricular block. While it may be stated that the ma.iority of 
the electrocardiograiffiic curves from his eases are not t.’s^^ieal exam- 
ples of the classical types described by Carter,'*'’ ® a great contribution 
has been made hj Mahaim in pointing out the comparative rarity of 
lesions confined to a single bundle in either ventricle. Mahaim be- 
lieves that the great majority of cases of bundle-branch block are due 
to coronary arterial disease. He is particularly insistent that the com- 
monest syndrome is due to a total block of the I’ight bundle associated 
with block of the anterior branches of the left bundle. As an occlu- 
sive process in the anterior interventricular or septal branch of the 
anterior descending branch of the left coronary artery is alleged to 
interfere with the blood supply to these parts of the ventricular con- 
ducting system, there is cogency in his argument, and the concept of 
“mixed blocks” is rapidly gaining wider acceptance."'*’ 

As soon as it became evident that the lower esophageal lead offered 
an approach to the base of the left ventricle, the method was applied 
to the problem in hand. Foui-teeu cases of bundle-branch block were 
investigated along the following lines. Tlie esophageal electrode was 
placed with the aid of fluoroscopy in a position close to the basal 
surface of the left ventricle (Position H, Pig. 4 A) below the level 
of the left amide. A small German silver electrode was placed on 
the chest at a point 3 cm. to the left of the sternum in the fourth 
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Fig. 15. — Patient G. G. Fi'om a man aged fortj'-eight years who showed no sign 
of intraventricular block. Standard Leads I and III are indicated on the left. A triple 
record illustrates the simultaneous recording of Lead I above, juxta-ventricular 
esophageal lead in the middle and Lead V below. The times of onset of tlie intrinsic 
waves in the two exploring leads are indicated by decimal fractions of a second. This 
example serves as a nonnal control for comparison with the curves of bundle-branch 
block. 



Fig. 16 . — Patient M. H. Bundle-bi-anch block of common tj-pe. Upper row: Leads 
I, II, and III. Lower row: L esophageal electrode at 40 cm. combined witli Lead 
II;. 2, esophageal electrode at 38 cm. combined with chest Lead V; S, esophageal 
electrode at 36 cm. combined' with Lead II. The numbers below the curves m 
record 2 denote the time at which the respective intrinsic deflechon begms. 

Conclusion : An example of left bundle-branch block. 
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interspace. Tiie riglit firm terniiiiHl of one string of a two-stringed 
Cambridge galvanomeler was attacdied to each of these exploring 
electrodes and left leg terminals to remote or indifferent electrodes on 
the left leg. Elect vonefiativUfi of both the esophageal and precordial 
exploring clcclrodcs itndvr these circumstances u;as indicated in the 
curves by sharply dcliHcaicd upward deflections. The tirae.s of occur- 
rence of such majoi- upwardly directed deflections wej-e determined by 
the comparator by mea.snring from the eaidiest sign of ventricular ac- 
tivity to the onset of the said deflections. 



Pig. 17. — I’atifnl A. O'E. nvinill<.-braiu-li block of t.hi! common type. Prom li:ft to 
right the single curvc.s- arc Loads I, II. and HI; clicst Lead V. From ii'ft to right 
double curve.s tc.«ophagcal curvc.s aljove) : /. esopliageal electrode at :tC cm. com- 
bined witli Lead II; 2. e.sopliageal electrode at 3G cm. combined witli ciio.^t Ij<>ad V; 
S, esopliageal electrode :it 34 cm. combined witli clie.st Lead V. 

The decimal fractions refer to the on.set of tlio intrinsic deflections in the re.spec- 
tive curves. .Standai'dization of tlte o.sopbageal curves is illustrated in record 1. 

C'onclusion: I.cft bundle-branch block. 



Pig. 18. — Patient E. W. Bundle-brancb block of the common type though of low 
voltage. Single curves Leads I and III. In the double records the upper curves are 
from the esophageal electrode at 42. 40. 38.5, and 37 cm. depths, respectively, from 
left to riglit Chest leads and Lead II arc siiown below. Tiie numbers refer to times 
of onset of the intrinsic deflections in decimal fractions of a second in the esophageal 
curves. 

Conclusion : Lag of the left ventricular base. 


In the illustrations the time.s of onset of the chief upwardly directed 
deflections, signalling activation of the re.siiectively adjacent muscle 
areas, have been indicated by decimal fractions of a second. These 
measurements have been jilaced below and near the beginning of the 
significant upward deflections in eveiy instance. Figure 15 illustrates 
a typical result of applying the above procedure to a patient who 
.showed 310 electrocardiographic sign of intraventricular block. The 
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acconipaiiring Figs. 16 to 22, iuclusivej demonstrate some of tlie re- 
sults obtained by using this method in cases of intrayentricnlar delay. 
Comments on detail are inelnded in the legends to the illustrations. 



. 19. — P.atient M. G. Binulle-bi’ancli block of the common type. From left to 

'‘•Sht, .jingle curves. Leads I. II, .anti III. From left to right, double curves, che.st 

Lead V above and Lead IT belov. In the remaining curves the e.sophageai curves are 
the upper ones paii>?(l in turn Avith the chest lead, and Lead II at the depths of 97 
and 35 cm. The number.s in fraction.s of a second indicate time of onset of the in- 
trinsic deflections in the respective leads. 

Conclusion: Left Imndie-brancli block. 



Fig 20. ^Patient H. 1. Single records: Leads I and HI. Triple records: Lead II 

above esophageal curves in the middle, chest lead below. Xuinber.s refer to onsets 
of the respective intrinsic deflections. The standardization of the exploring leads has 

been reduced to 1 mv. = 5 mm. . , , , , i, x. 

Conclusion; Xo lag of the left base. This is probably a bundle-brancli block in- 
volving* some part of the loft ventricle other than the base. 


The view is not entertained that the chief iipivard deflections in 
either the preeordial or the esophageal tracings are exactly compar- 
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able in tlieir time relations to the true intrinsic deflections as obtained 
bj- direct lends. The term “intrinsic deflection'’ i.s n evert 1) cl e.ss used 
hereafter to describe the main upward strokes in somulh-oei curves 
.since it has been proved l)y ^Viison and his collaborator.s'’'* and by 
experiments which have already been described (Fig'. 14) that the.se 
indicate the api)roxiniate times of activation of the i‘es])ectively ex- 
plored areas. The esophageal load is indeed only a modification of the 
approach of Wilson and his colleagues, but it is believed that the 
method offers a nmch more trustworthy guide to the intrinsic elec- 



Fi(?. 21. — Patient J. Al. Fi-oni left to rlsht sinple curves arc I^eatls I. 11. and 
III. Double cun’cs, left to riplit: esophapeal elcctroprams above at the depths 40, 40. 
38, 38 and 36 cm., rospectivelv, from the teeth, and below che.st and conventional De.ad 
II recorded simiiltancou.sly with the esophaccal cun-es. The numbers denote the 
times of onset of the intrinsic dellectlons in esophapeal and chest leads. 

Conclusion; An example of left l)undle-branch block. ^ ^ ^ 

Patient G. B. Left to riplit, sinpic curves Leads I, IX, and III and two 
examples of luxta-vcntricular esopliapcal olt-ctroprams (above) recorded simultane- 
ously with the precordial lead over the riplit ventricle. The numbers denote time of 
onset of intrinsic deflections in fiT.ctions of a second. Those pertaining to Uie right 
ventricle are placed opposite slurred components of the intrinsic deflection. The case 
is clearly one of right ventricular bloclc Sec text for discussion. 


ti’ieal events in the basal portions of tbe left ventricle than can be 
obtained by chest leads. The view is held that the simnltaueous use 
of both leads permits reliable conclusions to be drawn as to the order 
of activation of tbe ventricular areas underlying the electrodes. 

In ten of the fourteen eases of bundle-branch block investigated by 
double semidirect leads unmistakable evidence was obtained of de- 
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layecl activation of tlie left ventricle in tlie presence of eai'ly activa- 
tion of the right. In two eases (see Fig. 20) there appeared to he no 
noteAvorthy lag in either of the explored areas although the QRS com- 
plexes as a whole Avere of abnormally long duration. The conclusion 
was reached that the interruption of conductiAuty in these cases must 
haAm affected some unexplored part of the ventricles, possiblj’- in the 
anterior branches of the left bundle as emphasized by Mahaim.^^ Only 
one, rather atypical, example (Fig. 22) aa^s found of the rare type 
(Wilson*^®) as judged bj* eoiiAmntional Leads I and III (chief deflections 
in Lead I doAviiAvard; in Lead III iipAvard), and in this instance the 
semidireet leads indicated the presence of right bundle-branch block. 

A A-eiy interesting result of the im’estigation is shown in Fig. 21 
A and B. The conAmutional leads of these two patients sIioav a general 
similarity, and yet the combined exploratory leads quite definitely 
shoAV that in Fig. 21 A left ventricular block is present while in Fig. 
21 B, there is delaA- in the activation of the right ventricle. The 



Pig. 22. — Patient R. M. An example of the rare type of bundle-branch block. Prom 
left to right, Leads I, II and III, chest Lead A', and juxta-ventricular esophageal 
lead. The clicst lead shows obvious delay in the formation of the intrinsic deflec- 
tion. The esopliageal electrode in this case did not lie close to the left ventricular 
base, and the upstroke is therefore not a tru.stwortliy indication of a ti'ue position 
of the intrinsic deflection. The conclu.sion is, however, warranted that this is a case 
of right ventricular block. 

example also shoAvs that bundle-branch block may occur Avithout giA’^- 
inj? rise to the classical changes in tlie direction of the T-waves in 
standard Leads I and III. 

y eniricular Extrasijstoles . — Fignire 23 is an example of the common 
type of bundle-branch block due to delayed activation of the left ven- 
tricle. One example of a A^entricular extrasystole is marked by a 
cross in record 5. The time relationships of the onset of the intrinsic 
deflections in the extrasj’stolie electrograms are indicated on the 
record. It is evident that in this particular instance the base of the 
left ventricle Avas activated 0.0117 sec. in advance of the right ven- 
tricle in contradistinction to the sequence of events in the curve im- 
mediately preceding the extra.sy,stole. Such a result leaA’^es no room 
for doubt that the extrasystole must have arisen from a point in the 
left^ ventricle. 

The procedure applied in Fig. 20 may be used as a useful method 
for locating the site of origin of ventricular extrasystoles. One ex- 
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;nuplo of Hinny studies jmrsue<l witii this objective in view is illus- 
irnlefl in Fi^. 24. The record exhibits curves of ventricular cxtrasys- 
toles ori«£inatin" From tliree difTcrent foci. That in record 4 pre- 
sumably arises in the septum, probably on the right side of the heart. 
It is. Imwever. possible to argue that the triphasic preeordial curve 
has been wi-ongly interpreted when the intrinsic deflection is assumed 
to occur at 0.020 sec. and that the true po.sition of the intrinsic deflec- 
tion in this instance arose nearer 0.086 see. in the right ventricular 
area exjdored. This view is hardly tenable when tJie records 5 and 



FiK. — n.-itl-nt n. .1. ntiri.Ht.-bniiuli bl'-'k «f lyp-;. .Sinctc string: 

1 and in. HciuIiP- rurvj-.-s «hovc .•m<I i-lii-st curv'f--"* boiow: 

.’»t (loubif .•<[«■<■<!. TripU- strillE.-i; If Iiiuivu, <-urv<; itlWap- .'ino 

rh*-’8i riirvc tit Nunib* ri^ r^ft r to on?i‘t ni'fici''- 

in ili'i'lttutl fr7i< t!iinv ^^C .-i j-i'i.-ntni. .\n is pit-si'Ht in tin- first 'JotiliK- 

rt-i'nni. , , 

Cont ln.-^iun : .V cl.-ii- . xjuiiplf nf I-ft buri-ib-t-frun i! witii iin orr«sinri/i! ‘•.ir- 

jui.-ltiir iix ltn' i- ft v*-ntricl*'. 

7 Sire e.xaniiiH’d. for in thc.se the exlr;isystt>}('.s iirising from oppositr; 
side.s of the in*ari yi<*ldi>d very chiinifp-ris! ir l•h^mt.o•K in the ;i}»|)ear- 
ftnt-c iu>i <*idv ol the c.sopiiJijteJil hut jdso of l!i(‘ pi'ifcordnil ctirtes. 
What is even tnorv strilvintr is that the conveiil ionstl il.eiid {) curves 
sluHsld be so sitnib'ir in form in the presence of ext.i'Jisysf oles ironi op- 
posit*- sides of the heart, 'flie re.sjiU.s of the adajftatioii of the eso- 
phaifeal lead to tiie .simiy of ventricular exirasysfoles suggest that 
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under the procedure described a more accurate conceptioji of the 
meaning of conventional extrasystolie curves would be the reward of 
additional work in this field. 

Gonchisions on Bnndlo-B ranch Block . — The employment simultane- 
ously of two trustwortb}' exp]orij}g or semidirect leads to tlie two ven- 
tricles in fourteen cases of intraventricular block has thrown addi- 
tional light upon the difficulties of accurate interpretation of standard 
electrocardiograms. The conventional leads of the majority of tlie 
cases (thirteen out of foui-teen) Avere of the common type, and ten of 
tliese were shoAvu to be associated Avith delay in actiA-ation of the base 



24 . — Uationt :M. 2V1cO. Ei-otti a ca.'iC exliibitinp- ventricular extrasystoles from 
three different foci. .All three records were obtained witli the esophagi'al electrode 
Ivinir clo.se to the ba.se of the left ventricle. Fixtni above downward in each record 



of the string- of the esophagea 

records there is some distortion due to tlie tnninfr loiK, 


of the left A-entricle. One fairly typical case of the rare type Avas due 
to right ventricular block. The occurrence of hundle-braueh block 
does not necessai-ily give rise to “opposing T-waves.” Right bundle- 
branch block may be present in cases shoAving couvenlional curves of 
the common iy])e and therefore very likely occurs more often than is 
usually admitted under the neAv terminology. Tavo cases of the com- 
mon type (as judged by the appearances of records of conventional 
Leads ! and 111) Avere probably of a “mixed” or “partial” variety. 
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Inlerprctalions relying only on llic basis of llie clireelions of the main 
deflections in standard Leads I. and III are not ahvays reliable in in- 
dicating tlic site of tbe responsible lesion in bundle-braneb block. 

SiDumovii of Stuiion o. — 1. The reliability of the esophageal method 
when used as a seniidircet or exploring lead to the left ventricle is 
discussed in the light of theoretical and expm'imental data. 

2. The current intcr])relntions of standard electrocardiographic 
leads in eases of bundle-branch block arc set forth. 

3. The results of em])loying simultaneous seinidireet leads^' with 
electrodes over the right and tbe left ventricles in bundle-branch bloch 
are illustrated and discussed. 

4. Certain conclusions have been reached in view of the results ob- 
tained in a study of fourteen cases of intraventricular block. 

5. The adaptation of simultaneous leads to the study f>f ventricular 
cxtrasystoles has yield<!d suggestive results. 

OLNKRA1. RUUAIMTULATION 

The validity of using an electrode placed in the esoi)hagu.s in clini- 
cal electrocnrdiogi-aphy has been di.scusscd at length in Section 1. On 
anatomical, theoretical, and experimental grounds the conclusion has 
been reached that, under the described procedure, the method may 
legitimately be a])plied to the human sub.iect. In Sections 2 and 4 the 
findings in fifteen normal control sub.iects have provided the founda- 
tions upon which a detailed interpretation of the curves obtained 
by the esophageal lead have been based. As a residt of experimental 
procedures on human and canine sub.iccts, the conclusion has been 
reached that the esophageal lead is a trustworthy “exploring” or 
semidirect method. In this role it is .subject to the general laws gov- 
erning the employment of semidirect leads. The curves obtained by 
the method have been designated as "esophageal electrograms” since 
it has been shown that they have e.ssenlially the same characteristics 
as curves obtained by direct leads fi-om the ejjicardial surface of the 
heart. The outstanding feature of esojjhageal electrograms is the 
demonstration of “intrinsic deflections” which signal the time of activa- 
tion of the small areas of heart muscle lying immediately adjacent to 
the electrode. 

The method has been applied to the study in 127 patients at the 
Johns Hoifldns Hospital, exhibiting a wide range of cardiac disorders. 

♦The chest leads used in tliis .study have ■without exception been derived wiUi 
the right arm terminal on the precordium and the left leg terminal on the left leg. , 
This arrangement ensures that electronegativity in the records obtained by the lead 
Is indicated by an upward deflection. The use of the chest lead in an exploring rOle 
emphasizes the Importance of maintaining this arrangement in spite of the recent 
agitation favoring a reversal of the electrodes in order to secure uniformity -with the 
general appearance of the standard derivations. It is particularly desirable that the 
direction of the Intrinsic deflections as obtained by all varieties of semidirect and 
direct leads employed in animal experimentation and clinical electi-ocardiography 
should conform to one rule. 
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The findings in 35 of these cases have been used in Sections 3 and 5 as 
a basis for discnssion of the Ta-waA'e, ectopic auricular and ventricu- 
lar extra systoles, and bundle-branch block. The suggestion has been 
made that the esophageal lead may prove to be an aid to the location 
of the approximate site of origin of ectopic beats. Information of a 
precise character has been forthcoming with respect to the duration 
of the T-wave of the auricle in the human subject and its effect on 
conventional electrocardiograms. The findings in intraventricular 
delay largely suxDport the new terminology although certain unex- 
pected results and some examples of mixed block throw doubt 
upon the trustworthiness of the criteria which have generally been 
apjfiied to the interpretation of bundle-branch block in man. 

GENERAL SUJOIARY OP PART I 

I. From a theoretical and practical standpoint the validity of the 
use of the esoi)hageal electrode as a kype of semidirect lead in clinical 
electrocardiography has been established. 

n. The re.sults of employing the method in fifty human subjects 
have been recorded, analyzed and discussed. 


REFERENCES 

1. Ader, : Bur uu uouvel appareil enregistreur pour ci'ibles sousmarius, Conipt. 

reud. Acad; d. Sciences de Paris 124: 1440, 1897. 

2. Baetjer, A. M., and McDonald, C. H.: The Eelatiou, of Sodium and Calcium 

Ions to the Heart Ehythmieitj', Am. J. Physiol. 99: 6G6, 1931-32. 

3. Bakker, N. C.: Analyse des Elektrokardiogramms auf Grand von am Aalherzen 

ausgefiihrten Untersuchungen, Ztsehr. f. Biol. 59: 335, 1912-13. 

4. Barker, P. S., Macleod, A. G., Alexander, J., and Wilson, F. IST.: The Excitatory 

Process in the Exposed Human Heart, Tr. A. Am. Physicians 44: 125, 1929. 

5. Boden, E.: Beobaclitungen ueber eine Nachschwankung des Vorhofselektro- 

kardiogramms am isolierten Siiugetier- und Menschenlierzen, Miinchen. med. 
Wchnschr. 68; 1104, 1921. 

6. Boden, E., and aSTeukirch, P.; Elektrokardiographische Studien am isolierten 

Siiugetier- und Menschenlierzen bei direkter und indirekter Ableitung, 
Pflugers Arch. f. d. ges. Physiol. 171: 146, 1918. 

7. Carter, E. P. : Clinical Observations on Defective Conduction in the Branches 

of the AuriculoWentricular Bundle, Arch. Int. Med. 13: 803, 1914. 

S. Carter, E. P. : Further Observations on the Aberrant Electrocardiogram Asso- 
ciated With Sclerosis of the Atrio-ventricular Bundle Branches and Their 
Terminal Ai’borisations, Arch. Hit. Med. 22: 331, 1918. 

9. Craib, W. H. : A Studv of the Electrical Field Surrounding Active Heart 
Muscle, Heart 14: 71, '1927. 

10. Cremer, M.: Ueber die direkte Ableitung der Aktionsstrome der menschliclien 

Herzens vom Oesophagus und ueber das Elektrokardiogramm des Foetus, 
Miinchen. med. Wchnschr. 53: 811, 1906. 

11. Cunningham, A.: ' Textbook of Anatomy, I^'ew York, 1917, Revised ed. 4, William 

Wood and Co., pp. 1150-1153. 

12. De Jongh, G. L. : Die Zeitverhaltnisse zwischen Elektro- und Mechanokardio- 

gramm, Pflugers Arch. f. d. ges. Physiol. 213: 216, 1926., 

13. Eiger, M. : Die physiologisclien Grundlagen der Elektrokardiographie, Bull. d. 

I’Acad. d. sciences de Cracovie, p. 531,. 1911. 

14. Eiger, M. : Die physiologischen Grundlagen des Elektrokardiographie, Pflugers 

Arch. f. d. ges. Physiol. 151: 1, 1913. 

15. Einthoven, W. : Ein neues Galvanometer, Annalen der Physik 12; 1059, 1903. 

16. Einthoven, W.: The Relation of Mechanical and Electrical Phenomena of 

Muscular Contraction With Special Reference to Cardiac Muscle, Harvey 
Lectures, 1924-25, p. 111. 



44 


THK AMKKICAN- IIKAIJT .roUHN'AI, 


J7. Eppinfrer, Jl., and JJotlibi'ipoi', (J. .1,: Utdan- die Eolficn der DnndiH'.lincidung der 
TaM’arapclieii ycdienkel dea .IteizleitunKaMvaleuiH, Zt.selir: f. kliii. Med. 70; I, 
T.tlO. 

I.S. Eppinger. E.. and Hloeik, 0.; 'Am klinik des ElektrokurdioL'rainias, Zl.«clir. f. 
klin. Med. 71: 157, 11*10. 

11*. Eyclesli.viner, A. (J., and Hclioeinaker, J). M.: A Cros.s-.Sect ion Anatomy, New 
York, J.OIJ, D. .Appleton and <’o,, Sr^ftioita inej. 

-’0. Ey.stcr, J. A. E., and Meek, W. ,1.; Tlie Interpretation of the Normal E. C. 6.: 
A Oritieal and E.xperiinental Study, Areli. Int. Med. 11; 20t, IPEl. 

21. Fahr, G.: An Analyai.s of the Spread of the Excitation Wave in the Human 

Ventricle, Areh. Int. Med. 25; 1-1*!, 11*20. 

22. Ered<«ri(!(|, H.: Sur la nature de la Hv.-itole de 1 'oreillette, Arch, internut. d. 

ph3’Hiol. 12; (it!, 11112. 

2:i. llcring, 11. E. : Experimmitelle Stmlien an Sauj;ethierea iiher das Hlektrokanlio 
gramin, Arch. f. d. ges. Physiid. 127: 1.55, ll'oi*. 

2-1. Hering, II. E. ; I'cdier die Fiualschwankiing (Ta Zaeke) de^ VorhofM'lcktne 
gramms, Pflagerc .Areh. f. d. g(>.«. Phj'.siol. 144: 1. 11*12. 

25. Kahn. 11. 11.: Ikdtriige /iir Kenntni.« des Flektrokardiogramme.-. .Areh. f. d. 
gos. Physiol. 126: 11*7, 11*01*. 

20. Kalin, IJ. II.: Elektrokiirdiogramiuctiidien. Arch. f. d. <>e.«. Phv.siol. 140: 027. 

^ 11 * 11 . 

27. Kraus, F., and Nicolai, G.; Da.'. Elektrokardiogramm de.'; ge.'iunden und 

kranken Mensehen. Leijizig, 11*10, Wit and (,’o. 

28. Kraus, F., a*id Nicolai. (1.: lJ**Iter das Elektrokardiogramm *tnter normalen 

und pathologisehen Verhiilt nin.^t'ii, Herlin klin. AVchnschr. 64: 705 and Sll. 
11*07. 

21*. Knius, F., and Nicolai, (!.; Uelier <lie fnnktionelle Soliihiritiit der heiden 

Herzhalften, Di'ut.Hche med. Wchn.sehr. 1: 1, 11*08. 

.‘iO. Licliersoji, .A., und Lilierson, F. : An Int<'rnnl Electroeardiogr)ij)hic, I.eail, Proc. 
.‘^oc. Exji. llitd. & Med. 31: -111. IICM. 

31. Lewis, T.: Pohirisahle as Agsiin.st Non-polarisablc Electrodes, .1. Phvsiol. 49: 

30-52. 11*15 (Proc.). 

32. Lewis, T.; 'I’ln' Meclmnlsia and Graphic I’egislration of the Heart Heat, <'d. 3, 

London, 11*25, Shaw siml .Son.«. 

33. Lewis, T. : On the Elect rocardiographir ('urvi*s A’ielded l.iy Ect*)pic. Jlcjits .\rising 

in the Walls of the .Auricles and Ventricles, Hrit. M, .1. 1: 750, 11*1**. 

34. Lewis, T.: 5’ht‘ Pjicc'inaker of the Mamninlian Heart as .Vscertaiia**! hr Electro- 

r- .T. I'hysiol. 41: 11, l!»li*-11 (Proc.). 

35. Le.'. , ' < !■ ■ ■ ■•lie t'urves A'ielded hv Canliac llciits Generated in 

Amrious Areas <if the .Auricular Mu.seuhitme: 'J'he Piicemaker of the Heart. 
Heart 2: 2:!. 11*10-11*11. 

30. Lewis, T.; The Spread of the Excitatorv Proce.ss in the Vertebrate Ili'art, Parts 
I-A^ Phil. Trans. Hoy. ,Soc.. It. GCVII, •_>21, 11*10. 

37. Lewis, T., in colhibonition with Feil. H. s., and Stroinl, AV. D.: A Pol.vmj-ograph 

and it Comparison of th*' (’out raelioii and Exeittition Waves in the Alarnmalian 
Auricle, Heart 7: l.'ll, llilS-211. 

38. Lewis, T., Aleakins, .1.. tttul AVhife. P. 1).: 'I’lie Excitatory Process in the Dogs 

Heart. Ptirt I. 5'he. ,\uri(des, Phil. Triiiis. Ko.v. .Soc.. H. CCA'. 37.5, 1014. 
30. Lewis, T., Gppenheimer, .A., and Opi>enheimer, It. ■'8.: Tlie Site of Origin of the 
Mammalian Heart Hetit: I'he Pacemaker in the Dog, Hojirt 2: 147, 1011*. 

40. Lewis, T„ and llothschihl. M. A.: The Excitatory Process In the Dog’s Heart. 

Part 11. 'i’he A’^entriclos. Phil. 'I’raiis. Kov. .Soc., H, ('(1AH. ISl, 1015. 

41. Aluhaim, 1.: Les inalinlics organirpies du ftiisceanx de His-Ttiwara (ctndc 

Clinique ct anatomiqne), Ptiris. 1031, Mtisson et Cie. 

42. Alax, L. AV.: The I’inie IJchitions of the Electrical and Alechanical Eesponse of 

Heart Alnsclo, .Am. .1. Pln-siol. 98; 31 S, 1031. 

43. Alines, G. 1?.: Some OI)servtitions on Electrogrjims of the Frog’s Heart (Pre- 

liminarv Note), Proc. Ctimb. Phil. -Soc. 16: 015, 1012. 

44. Minkowski, O. : Die llegistrienmg <ler Herzbewegungen am linken ATirliot, 

Deutsche mod. Wchnschr. 32: 124.S, 1000. 

■to. Niirr, .1.; Das Elektrokardiogramm d«'s Pferdes, seine .•\.uf*iiim<‘ nml Form, 
ZtKc.hr. f. Biol. 61: 107, 1013. 

40. Noyons, .A. K. AL: Comiminieutions About the Klcctr'icardiogram of tlm 
Atrium Cordis, Ondorzoek g. i. h. Phv-siol. lab. Uti'eclit v. Bcck.s 11: 214, 101**. 
47. Oppenheimer, B., :nid Pardee, H. B. B. : The Site of the Cardiac Lc.sion in 
Two InstiiTices of Intraventricular Block. Proc, Soc. Expci'. Biol. & Atcd. 17: 
177. 1020. 



IMUnvX ; 


i:.soi'HAni:AL lead 


45 


4S. Pardee, H. E. B. : Goiicenuiig the Electrodes Used in Electrocardiography, Am. 
.T. Physiol. 44; SO, 1917. s E 

49.’ Piersol, J. A.: Human Anatomy, Philadelphia and London. 1930, ,T. B. Lippin- 
cott and Co., p. 714, Fig. (575. 

•10. Bothberger, C. .T.: Zur Diagnose .les Felienhelblo.dcs. Ztsehr. f. kliii. Hod. 123: 
400, 1933. 

bl. Itothberger, C. and Winterborg, II.: Studien ueber die Bestimmnng des 
, Ausgang.spunktos ventricularer Extrasj'stolen mit Hilfe des Elektrokardio- 
grahnns, Arch. f. d. gcs. Physiol. 154: *571, ,1913. 

52. Kotliberger, C. ,1., and Winterberg, 11.: Zur Diagnose der einsertigen 
Blockieriing der Peizleitung in den Tawara ’schen Schenkeln, Zentralbl. f. 
Herzkrankh. 5: 20l5, 1913. 

03, Bothberger, C. .1., and Winterborg, H. : Experimeiitelle Beitrage zur Kenntnis 

•lie Beizleitungsstbrungen in den Kainmern des Saugetierherzens, Ztsehr. f. d. 
ges. oxi)er. J^Ied. 5: 264, 1917. 

04. Biimke, II. C. : Sur quelques tilectrogranimes do lambeaux du muscle cardiaqm; 

do la grenouille. Arch. Xeerland. d. phvsiol. de I ’homme.s et des animaux 1: 
161, 191S. 

55. Samojloff, A.: Elektrokardiogranimstudien, Beitr. z. Phy.siol. u. Pathol, v. 0. 

Weiss, 190S, p. 171. Also, Elektrokardiogramme, Samml. anat. u. plij'siol. 
Yortrage. u. Aufsiitze (Gaupp and Nagel) ,Tena 2: 1, 1909. 

56. Samojlofl', A.: IVoitore Beitrage zur Eicktrophysiologie des Herzens, Arch. f. d. 

ges. Phy.siol. 135: 417, 1910. 

57. Helenin, \V. P.: Das Eloktrokardiogramm nnd die pharniokologisehen Mittel 

aus der Gruppe des Digitalis und des Digitoxins, Arch. f. d. ges. Physiol. 143: 
137, 1912. 

5S. Sprague, II. B., and White, P. I).: Clinical Observations on the I'-Wave of tlic 
Auricle Appearing in the Human Electrocardiogram, J. Clin, Investigation 1: 
389, 1925. 

59. Straub, II.: Zur Analyse des Elektrokardiograinms (nacli A'ersuehen am isolierten 

Fro.seldierzen'). Zt.schr. f. Biol. 53: 499, 1910. 

60. Waller, A.: On tlie Electromotive Changes Connecte<l IVith the Beat of the 

Mammalian Heart and of the Human Heart in Pai-ticular, Phil. Trans. Boy. 
Soc., London 180: 169, 1889. 

61. Wedd, A. !M., and Stroiid, W. D. : M’lie Spread of tlie Excitation Wav(‘ belated 

to the Standard Electrocardiogram in tlie Dog’s Heart, Heart 9: 15, 1921-22. 

62. Wenckebach, K. F,, and Y^nterberg, H.: Die unregelmiissige Herztiitigkidt, 

Tafelband, Leipzig, 1927, Wm. Englcmann. 

63. AViedemann, G-. : Das Elektrogramm <les Vorhofes beim Hand, Bc'itr. z. Phvsiol. 

l; 3.37, 1920. 

64. ATilson, F. N. : The Distribution of the Potential Differences Produced by the 

Heartbeat Y'ithin the Body and at Its Surface, xVm. Heaut .T. 5; 599, 1929-30. 
<55. AVilson, F. N., .Tohnston, F, D., and Barker, P. S. : Electrocardiograms of an 
Unusual Tvpe in Bight Bundle-Branch Block, Heaut .T. 9: 472, 1933-34. 

66. AVilson, F. N., .Tohnston, F. D., Hill, L G. AA’., Macleod, A. G.. and Barker. 

P. S, : The Significance of Electrocanliograms (liaracteiizod by an .\b 
normallv Long QBS Interval and bv Brnml S Deflections in T.ea<l F. Am. 
Heaut !t. 9: 459, 1933-.34. 

67. AA'ilson, F. N., .Tohnston, F. D., Alacleod, A. G.. and Barker. P. S. : ElecDo- 

cardiograms That Bepresent tlie Potential Abiriations of a Single Electrode, 
A^^. Heaut .T. 9: 447, 1933-34. 

68, AA’ilson, F. N., Alacleod, A. G., and Barker, P. S. : 'I'he Order of A'entricular 

Excitation in Human Bundle-Branch Block, Ajr. Heaut .1. 7: 305. 1931-32. 

69, AA’ilson, F. N., Macleod, A. G., and Barker, P, S. : The Distribution of the 

Currents of Action and of Dijury Displayed by the Heart Alusele and Other 
Excitable Tissue.s, University of Alicbigan Studies, Scientific Series X. 1933. 
pp, 1-57. Also in curtailed form in .T. Gen. Physiol. 16: 423, 1933. 

70’, AA’ilson, F. N., Alacleod, A. G., and Biirkcr, P. S. : The Potential A’ariations 
Produced bv the Heart at the Apices of Einthovon’s T'riangle, A.^r. Heaut .T. 

■ ■ 7: 207, 19.31-32. 

71. Y’ilson, F. N., Macleod, A. G., and Barker, P. S. : The Interpretation of the 

Initial Deflections of the Yentrienlar Complex of the Electrocardiogram. 

. A^r. Heaut .L 6: 637, 1 930-31. 

72. \A’'ood,'I’, C., and AA’olferth, C. C. : Experimental Coronary Occlusion: Inade- 

quacy. of the Three Conventiomil Leads for Becording Characteristic Action 
Current Changes in Certain Sections of. the lAFyocardium : .An Electincardi'o- 
graphic Study, Arch, Int. Med.’ 51: 771, 1933. 



THEOjMBO-ANGIITIS obliterans and tobacco 

The Ineluence of Sex, Race, and Skin Sensitivity to Tobacco on 
Cardioi^vsculau Responses to Sjioking® 

Walter G. jNLvddock, M.D., Russell L. Malcolim, M.D., and 
Frederick A. Coller, jM.D. 

Ann Arbor, Mich. 

F rom clinic«l observations over a. period of many years plij^sieians 
have known that tobacco smoking was harmful to patients with 
thrombo-angiitis obliterans.^’ - A reason for the injurious effect was 
pointed out when, by means of skin temperature changes, we showed 
that tobacco smoking produced vasoconstriction of the vessels of the 
extremities®’ ^ ; this process further decreasing the already impaired 
peripheral circulation of these individuals. Tliis finding was corrobo- 
rated and additional information was furnished by the work of Barker,® 
Wright and his associates,®’ '’ ® and others.®’ 

Our investigation was continued to determine whether the observed 
cardiovascular effects of tobacco smoking had any peculiar features 
which might explain some of the unusual characteristics of thrombo- 
angiitis obliterans. Among the diseases in which tissues common to 
both sexes are involved, with the exception of hemophilia, no other con- 
dition shows the same almost entire predilection for males. Also, the 
frequence of the disease among individuals of the Jeivish race is un- 
usual. To throAv some possible light on these oddities, the peripheral 
skin temperature, the pulse rate, and the blood pressure responses of 
male and female subjects and of Jewish and of gentile subjects to to- 
bacco smoking ivere studied. 

A second point of interest resulted from the excellonl u'ork on hyper- 
sensitivity to tobacco by Harkavj’- and his associates'^ and Sulzberger,^® 
who showed that nearly 80 per cent of their group of patients with 
thrombo-angiitis obliterans gave an allergic skin reaction to tobacco; 
while less than half that number of responses was obtained among nor- 
mal subjects. Sulzberger considers the evidence to be higlily suggestive 
that thrombo-angiitis obliterans is coiuiected in some way Avith a hj'per- 
sensithdty to tobacco, since in agreement ivith his experimental data he 
finds many clinical features of thrombo-angiitis obliterans which are 
common to other allergies. It is known, for example, that certain al- 
lergens invoNe certain tissues and even that tissue in certain definite 
areas only. Thus tobacco may affect the vascular apparatus, especially 
in the extremities, and produce changes in the blood vessels themselves 
and the tissues supplied by them. We were interested in Imowing 
whether individuals who showed a sldn sensitivity to tobacco extract 

*Prom the Department of Surgery, University of Michigan. 

40 


iMADDOOK ET AL. : TI^l?0.^rBO-AXGIITI.S OBLITERANS ANT) TOBACCO 47 

had a greater peripheral vasoconstrictor effect from tobacco smoking 
than individuals who were liot skin sensitive. 

procedure. 

All of the healthy young adult subjects were studied under the same 
conditions. The males were medical students who smoked from fifteen 
to twenty eigarets a day. The use of eigarets by the females was not so 
uniform. No smolvuig was permitted for a period of three hours before 
the test. To keep normal peripheral vasoconstriction at a minimum^ 
the room in which the study was carried out was kept at a temperature 
of 85° F. ± 3°. In order that the skin temperatures of the subjects, who 
were studied lying on a comfortable bed, could rapidly reach an adjust- 
ment to the environmental conditions, tlieir arms and legs were bared 
while their trunks were covered witli only single sheets. The smoking 
period for two eigarets of the standard brand used throughout the test 
was twenty minutes. Usually two-thirds of one cigaret was consumed 
in from seven to nine minutes, then there was a pause for tAvo or three 
minutes, then a second cigaret Avas smoked in the same time as the first 
one. Skin sensitivity to tol)aeeo aaus determined by the intra dermal 
technic. The tobacco solution aa'bs a eonpAOsite one combining several 
different brands of tobacco. Coca’s control solution Avas used on the 
opposite forearm. The reaction aaus considered to be one-plus Avhen the 
original wheal enlarged to from 8 to 11 mm. in diameter, tAvo-plus from 
12 to 14 mm., three-plus from 14 to 17 mm., four-plus from 17 mm., or 
any size above, or the development of pseudopods. At fiA'e-miuute inter- 
vals the skin temperatures of the tips of the left fingers and toes were 
recorded with a T.ycos dermatlierm, the blood pressure in the right arm 
was taken AAuth a standard s]ihygmomanometer, and the pulse rate was 
counted for one-half miuTAte. 

■ • DATA AXD COMMENT 

A typical example of the decrease in the peripheral skin temperature 
and increase in blood pressure and pulse rate on smoking is shoAATi in 
Fig. 1. The data from a study of twenty-nine subjects are given in 
Table I. 

Influence of Sex. — Cigaret smoking produced a decrease in the skin 
temperatures of the fingers and toes and an increase in the pulse rates 
and blood iDressures in Avomen to the same degree that it did in men. 

In the light of the relation of tobacco smoking to thrombo-angiitis 
obliterans this fact offered no explanation as to AAdiy the disease shows 
the marked predilection for males. If smoking is the cause of thrombo- 
angiitis obliterans, one Avould expect to see this disease appear more 
frequently in women in the future because there is no doubt but that 
they are smoldng more than did past generations of their sex. On the 
other hand, the possibility of a sex hormone in some Avay protecting the 
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females must be kept in mind, since McGrath^® has shown that large 
doses of theelin kept female rats from developing gangrene of the tail 
when toxic quantities of ergotamine taitrate, a vasoconstrictor sub- 
stance, were given. 

Influence of Face . — The average decrease in the skin temperatures of 
the fingers and toes and the average increase in blood pressures and 
pulse rates were gi-eater for the Jewish males than for the gentile males. 
The difference Avas ])articularly more marked in the skin temperature 
changes. 

The reason for this difference between the two grouirs is not entirely 
apparent. It would be easy to a.ssert that tliis fact is responsible for 



78 78 78 88 92 94 92 98 84 86 86 86 PULSE RATE 

98 ^ 98L04 1^1^I^1^I^^IW102 BLOOD 
56 56 56 60 62 62 62 64 62 58 60 58 PRESSURE 

Fig. 1. — Decrease in the slcin temperature of tlis fingere and toes and inci'ease in pul.se 
rate and blood pressure of Subject 25, female, on tlie smoking of two cigarets. 

the greater incidence of thrombo-angiitis obliterans in Jetvs than in other 
elements of the population ; but tobacco smoking has not been definitely 
established as the cause of that disease. It is possible that a simpler 
reason is the true one. AYe wei-e impressed by the fact that the smoking 
of the Jewish subjects Avas more intensiA^e, Avas quicker, and with deeper 
inhalations than that of the gentile subjects. This temperamental dif- 
ference may be the factor accounting for the greater cardiovascular 
response among Jcavs, since slow smoking and simple puffing rather than 
inlialing is knoAvn to xu'oduce a lesser effect^ Hypersensitivity to to- 
bacco could not haA^e been the cause of the race difference, as skin reac- 
tions to tobacco Avere tAvice as frequent among the gentiles as among 
the Jews. 
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Influence of Jlypersensiiivity to Tohacco . — There was no consistent 
difference in the skin tcihiDeratures, the blood pressure, and pulse rate 
resi)onsc to smoking between indi^^dua^s Avho showed sldn sensitivity to 
tobacco and. those who did not. In accord with this, among the sensi- 
tive indiidduals tliere was no correlation between the degree of the skin 
reaetiou and the cardiovascular msponse. This finding is a corrobora- 
tion of a. preliminary report on tlio same question by Wright and 
Moffat.® 

We consider the lack of relationship between skin sensitivity to to- 
bacco and the cardiovascular response to smoking to be due to the fact 
that the two effects are the result of different components. Sulzberger^^ 
lias emphasized that the reaction of ]i3"persensitivity is produced bj* a 
constituent or constituents of tobacco other than nicotine. In contrast 
to this, we. found'* that nicotine administered intravenouslj' in amounts 
theoreticalh’’ absorbed in the smolcing of one or two eigarets produced 
approximateh* the same decrease in the skin temperature of the fingers 
and toes and the same increase in blood pressure and pulse rate as was 
obt-ained on the smoldng of one or two eigarets. In further support of 
the thcoiw that the nicotine component is responsible for the peripheral 
vasoconstriction, the mechanism ty’ which tobacco smoking causes a 
drop in the skin temperature of the extremities is of interest. It is 
claimed^'*’ that the effect of nicotine is largely brought about through 
the sympathetic nervous s.vstem. That the peripheral vasoconstrictor 
effect of tobacco observed by us was carried out through the nerve sup- 
ph' to the part. was demonstrated bj'- anesthetizing the test area, the 
toes, on one foot bj’" a posterior tibia! nerve block and obtaining no 
decrease in Ihcir skin temperature on smoliing, while the usual decrease 
occurred in the un anesthetized toes of the other foot. That the sym- 
pathetic fibers were the pathway’s involved Avas sIioaaui by obtaining, on 
smoking, no decrease in the skin temperature in the toes of a subject 
who had had a bilateral lumbar sympathetic ganglionectomy, while the 
usual response occurred in the unaffected fingers. Thus the peripheral 
vasoconstrictor effect of tobacco smoking is carried out through the same 
mechanism bj’’ which nicotine acts. 

It is not necessary to consider the allergic possibilities of tobacco to 
understand its aggravating action in thrombo-angiitis obliterans. In a 
disease which is characterized hy a deficiency in circulation due to 
thromboses and in Avhich a substance is known clinically to be detri- 
mental, the production of vasospasm by that substance would seem to 
be a significant effect and much more direct than an allergic effect. The 
vasoconstrictor effect is so pertinent to this occlusive arterial disease 
that one cannot sa^' definitely that tobacco is not the exciting cause of 
thrombo-angiitis obliterans, as it is claimed to be by Silbert.^ Other 
vasoeonstricting substances, pituitrin,^® and particularly ergot^" have 
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been responsible for peripheral gangrene. There is thus considerable 
evidence that prolonged or marked vasoconstriction may initiate organic 
vascular occlusions. 

C4aps still exist in the knowledge of thrombo-angiitis obliterans, but 
the fact has been established that cigaret .smoking reduces the blood 
supply to the extremities ; and one should not hesitate to present the 
reasons for the avoidance of tobacco and to order “no smoking” by 
patients with that disease. 


SUMMARY 

1. The smoking of two cigarets by women resulted in a drop in the 
skin temperatures of their fingers and toes, and in an increase in their 
blood pi’essures and pulse rates similar to those ob.served in men. 

2. Such eigai'et .smoking by Jewish wales eau.sed a greater drop in the 
skin temperatures of their fingers and toes than occurred in gentile males. 
This fact may he of significance in accounting for the greater incidence 
of thrombo-angiitis obliterans among Jews than among other elements 
of the population. 

8. No relationshi]) was found between skin sensitivity to tobacco and 
its cardiovascular effect on smoking. 
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THE RELATION OF THE SYSTOLIC BLOOD PRESSURE xVND 
HEART RATE TO ATTACKS OF ANGINA PECTORIS 

precipitated by effort^ t 

Joseph E. F. Riseimax. M.D. 

Boston. Mass. 

A LTHOUGH jmgina poeloris is a disorder of the cardiovascular sys- 
tcm. our knoudedo'e of the eliauges iu the circulation accompany- 
ing attacks is very meager. The standardized exei’cise tolerance test re- 
cently descrihed”’ affords a means of inducing typical paroxysms of 
angina and makes possible accurate measurement of the heart rate and 
hlood pressure during various phases of the paroxysms. 

Measurements of the heart rate and systolic hlood pressure were made 
in thirty-five ])atients hefore and during induced attacks of angina, in 
order to learn wlietliei* tlie changes Avhicli occurred were of any diag- 
nostic or etiological imi)orlance and to learn whether the disappearance 
of angina pectoris following total thyroidectomy was dependent on a 
diminished internal secretion of adrenalin. 

METHODS 

Attacks of angina pectoris were induced hy exercise under standard 
conditions according to the method i)remously described,-’^ The test was 
performed in a room maintained at a temperature between 45 and 55° F. 
The exercise, consisted of repeatedly mounting and descending a stair- 
case made up of two steps, each nine inches high ; the duration of exer- 
cise being limited in each patient by the development of anginal pain. 
The patients were allowed to work at a rate wliich was natural and com- 
fortable for them. 

All patients were accustomed to the test and the a])paratus before the 
measurements were made. The numbei- of trips and the duration of 
exercise which induced angina in these tests did not differ appreciably 
from that reriuired when determining the exercise tolerance of the same 
patients without the a]ipara1ns for determining blood pressure and 
heart rate. 

The resting lieart rate and systolic hlood pressure were measured at 
one-minute intervals Avith the patient standing at ease ; thereafter meas- 
urements Avere made at one-half-minute iiitervals throughout the exer- 
cise, during the induced attack of angina, and during the period of re- 
covery. The systolic blood pressure Avas determined by palpation, using 
a standard cuff attached to the right arm and connected by rubber 

♦Prom the Medical Service and Medical Research Ivaboratories of the Beth Israel 
Hospital, and the Department of Medicine, Harvard University Medical School. 

tThis investigation was aided hy a grant from the DeUamar Mobile Research 
Piind of Harvard University. 
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tubing to a. mercury manometer oji a nearby table. The result.s obtained 
by this method were found to agree satisfactorily with measurements of 
the blood pressure obtained by the auscultatory method during exercise 
on the staircase or on the bicycle ergometer. The heart rate was obtained 
by the use of a stethoscope strapped to the preeordium, the number of 
beats in fifteen seconds being counted. The results obtained by this 
method were found to agree satisfactorily with simultaneous heart rate 
measurements oblained from electrocardiographic tracings obtained 
during exercise. Duplicate determinations on different days revealed 
only minor variations in the lieart rate and blood pressure curves. 

Measurements made using the bicycle ergometer showed the same 
types of changes in heart rate and .systolic blood pressure as were ob- 
served when angina was induced by exercise on the two-step staircase. 
Because of the difference in the two types of work, however, there are 
differences in the actual heart rate and blood pressure readings obtained 
by these two methods. 

RESULTS 

Thirty-five patients wlio developed angina pectoris on exertion and 
fifteen individuals of similar age (forty-five to sixty-five years), but with 
no evidence of heart disease, were studied. i\Ieasurements made before 
and after entering the cold room showed that the temperature had no 
appreciable effect on either the licart rate or the blood pressure. 

The number of trips necessary to induce angina in the different pa- 
tients ranged from nine to sixty-four. Ten of the thirty-five patients 
with angina developed a t;v'pieal attack after less than two minutes of 
exercise; fourteen exercised from two to three minutes before pain 
forced them to stop ; and the remaining eleven were able to exercise for 
three and one-third to four and one-half minutes. The rate of exercise 
was twelve to eighteen trips per minute in twenty-one patients, nine to 
eleven trips per minute in twelve patients, and twenty to twenty-two 
trips per minute in two patients. 


Tabi^ I 

The Increase in Heart Kate With Attacks of .AnctINa Pectoris 


increase in 
heart rate 
f beats per min.) 

at onset of 

ANGINAL ATTACK 
(NUMBER OF CASES) 

DURING ATTACKS* 
(NUMBER OF CASES) 


-10 to + 9 

0 

3 


+10 to +19 

0 

5 


+20 to +29 

o 

6 


+30 to +39 

5 

8 


+40 to +49 

9 

2 


-rOO to *fOP 

0 

4 


+60 to +69 

3 

2 


•{*70 to +79 

4 

0 


+80 to +89 

3 

0 


Total 

31 

30 



*One minute after ces.=<ation of exercise. 
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There was no appreciable difference between the curves of heart rate 
and systolic blood pressure during and after exercise of those patients 
who developed angina on exertion and those normal persons who under- 
took the same exertion but who did not develop heart pain. 

The- heart rate dui-ing exercise was studied in thirty-one of the pa- 
tients with angina pectoris and in thirteen of the persons with no heart 
disease. In general the heart rate increased steadily during exertion, 
reached a maximum after approxiniatelj" tAvo or tlmee minutes of exer- 
cise, and decreased rapidly during recovery (Table I), The curves 
showing the average increase in rate for each half minute of exercise 
and recovery in tliirty-one patients with angina pectoris and ten patients 
with no heart disease appear in Fig. 1. The rate at which the heart rate 
increased during exertion varied somewhat in the different patients. 



PJg-. 1. — The average increase in hear rate during exercise and i-ecoverj- of thirty- 
one patients "who developed angina pectoris on exertion and in thirteen persons with 
no evidence of heart disease. The duration of time between tlie last measurement 
made during exercise and the first measurement during recovery was 30 seconds. 

This Amriatioii Avas apparently unrelated to the variation in the heart 
rate at rest, the development of angina pectoris, or the speed of exercise 
in these tests. Although the average increase in heart rate for patients 
AAuth no eAudenee- of heart disease Avas .slightly less than the average for 
patients Avith angina pectoris, individual patients in both groups shoAved 
curves Avhich Avere A-ery similar. 

In seventeen of the thirty-one patients Avith angina pectoris the in- 
crease. in heart rate for each half minute of exercise Avas Avithin tAvelve 
beats per minute of the average increase for all patients Avith angina. 
In these indmduals the heart rate, at the time pain developed, Avas 
forty to sixty-eiglit beats per minute greater than the rate at rest. Pa- 
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tieiit 29 (Fig. 2) i.s typical of this group, Avhile D. 0., of the noi’mal 
grou]), showed a similar respouse. In six other ])atients with angina the 
increments were definitely less than average, so that at the time pain 
developed the heart i-ate had increased only 28 to 36 beats per minute. 
Patient 27 (Fig. 2) of the angina group and J. R., of the normal group, 
are. rc])resentativc of this type of i-osponse. In the remaining eight 
patients with angina J)(^ctoris the heart rate showed a response that was 
strikingly gi-eater than average. At the time that angina developed the 
heart rate was 74 to 80 heats per minute higher than the resting level 
(Patient 23. aiigina, and E. IV.. nonnal. Fig. 2). 





I'ig:. 2. — Cliaracteri-stic changes In heart rate during and after exei'cisc in patients 
wlio developed angina pectoris on exertion and in per.son.s with no eyidence of heart 
disease. The duration of time between the last measurement made during exercise and 
tlie fli'st measurement during- recovery was 30 .seconds. 

The shape of the curve was not altered by the onset of anginal ])ain. 
Two patients who develo])ed heart pain and one person with no heart 
disease showed -jiremature beats during the exercise and for a short 
time following exertion. 

With the ce.ssation of exercise the heart rate decreased rapidly. Dur- 
ing the first minute of recovery the average decrease in heart rate was 
23 beats per minute. The length of time necessary for the heart to I’e- 
turn to the re.sting rate varied considerably, and, although not deter- 
mined in all instances, two minutes were required in about one-half the 
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eases, wliile in a few instances as long as four and one-lialf minutes were 
necessary (Table I). The continuation or rapid disappearance of 
anginal pain was apparently unrelated to the rate of slowing of the 
heart. 
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The systolic Mood pressure sliowed five types of response during 
exercise. The type of response for a given individual was quite constant 
and was not influenced by the blood pressure during rest nor the rate 
of exercise. Similar types of response were observed in both the patients 
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with angina pectoris and those without heart disease. The shape of the 
curve was not altered by the onset or presence of heart pain. 

Group 1. In seven patients with angina pectoris there was little or no 
change during exercise, the blood pressure remaining -within 10 mm. Hg 
of the resting level, e.g.. Patient 35, angina pectoris (Pig. 3) and A. 0., 
normal (Pig. 3). Group 2. In seven instances the blood pressure gradu- 
ally increased 16 to 44 mm. Hg above the resting level, e.g.. Patient 30, 
angina pectoris (Pig. 3) and P. M., normal (Fig. 3). Group 3. In six 
patients with angina the blood pressure dropped steadity during exer- 
cise, reaching its lowest level (20 to 38 mm. Hg lower than the resting 
level) when angina developed, e.g., Patient 23 (Pig. 3). Pour of these 
patients developed angina after less than two minutes of exercise ; P. B., 
with no heart disease, showed a similar blood pi’essime curve (Pig. 3). 
Group 4. Seven patients with angina showed a drop of 10 to 24 mm. Hg 
during the first minute of exercise, similar to what occuiwed in Group 3. 
The pressure then increased, approached, and later exceeded the resting 
level so that at the time of development of heart pain the pressure was 10 
to 44 mm. Hg higher than the level during rest, e.g.. Patient 20 (Pig. 3) 
and P. S. (Pig. 3). Group 5. In eight of the thirty-five patients -with 
angina there was an initial drop in pressure during the first minute 
varying between 16 and 60 mm. Hg similar to Groups 3 and 4. This 
was followed by a slow and gradual rise which approached, but did not 
exceed, the resting level despite exercise which continued for as long as 
four minutes, e.g., Patient 29 (Fig. 3) and B. H. (Pig. 3). 

The systolic blood pressure at the onset of the attack was in some 
cases higher, in others lower, and in many instances essentially the same 
as the blood pressure during rest (Table II). This variation was 
brought about by two factors: (1) the changes in blood pre.ssure caused 
by exercise and (2) the diiration of the exercise before being terminated 
by the onset of pain. 

After the cessation of exertion there was usually a. sharp rise in the 
systolic blood pressure, reaching a. maximum within the first one and 
one-half minutes of reeoveiy. This maximum was usually, but not al- 
ways, higher than the level observed at any time during exercise or 
during rest (Table II). The blood pressure then gradually fell and re- 
turned to the resting level in about one and one-half to four minutes 


Table II 

The Change in Systolic Blood Pressure With Attacks of Angina Pectoris 


CHANGE IN SYSTOLIC 
BLOOD PRESSURE 
(it.M. HG) 

AT ONSET OF 
anginal attack 
(NUMBER OF CASES) 

DURING ATTACK* 
(NUMBER OF CASES) 


+11 to +68 

13 

26 


±10 

14 

7 


-12 to -38 

8 

1 


Total 

35 

34 


*From 30 to 90 seconds after 

cessation of exercise. 
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(Fig. 3). This elevation in systolic blood pressure follovdng exercise 
was independent of the continnation or disappearance of anginal pain 
and occurred in patients who did not develop angina on similar exertion. 

Effect of Total Thyroidectomy 

Changes in systolic blood pressure and heart rate during exercise were 
studied in eleven patients with angina pectoris before and after total 
ablation of the thyroid (Table III). In seven of the eleven cases the 
lowering of the metabolism induced by this procedure was accompanied 
by relief from symptoms as evidenced by the clinical history and an 
increase in exercise tolerance. Three of these seven patients (Cases 17, 
30, 33) were able to exercise indefinitely without experiencing angina, 
the test being discontinued usually after ten to twenty minutes of work. 
The remaining four patients (Cases 32, 27, 12, 3) developed no angina 
but were forced to stop because of fatigue after performing more than 
tvuee as much exercise as was possible before operation. In four pa- 
tients (Cases 5, 10, 24, 25) there was little or no improvement as judged 
by the clinical history and the exercise tolerance test. These individuals 
had low basal metabolic rates or other signs of low metabolism before 
operation. Experience has shovii that such patients are not helped by 
thyroidectomy, for further lowering of the metabolism is not compatible 
with comfort. 

The heart rate was studied in nine patients, four of whom showed 
little or no improvement following the operation, and five of whom 
showed varying degrees of benefit (Table III). During the prolonged 
exertion that was made possible in the latter five patients the heart rate 
increased as much as, or more than, it did before operation (Pig. 4). 
With this increased exertion the total number of beats per minute during 
exercise was greater than before operation in three individuals, and 
smaller in two. In both of the latter cases the heart rate at rest was 
lower after operation than preoperatively. 

The amount of exercise which induced angina preoperatively caused 
the same increase in heart rate both before and after operation in five 
patients, three of whom were improved by the operation and two of 
whom showed no improvement. In two patients, one of whom showed 
clinical improvement, this amount of work caused a greater increase 
after operation, and in two patients, one of whom was improved (Pig. 
4), the increase in heart rate was less postopera tively. The degree of 
clinical improvement, therefore, Avas unrelated to the response of the 
heart rate during exertion. 

The systolic Wood pressure after total thyroidectomy was studied in 
all eleven patients (Table III). Comparable amounts of exercise did 
not cause as great a rise in blood pressure after operation as preopera- 
th'ely (Table III, Pig’. 4). Prolonged exertion in the seven patients 
who showed clinical improvement Avas accompanied by the same or a 
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greater increase in blood pressure and tlie same or a definitely liiglier 
level of systolic blood pressure, but no precordial discomfort. With 
the cessation o1' exercise several patients showed a further increase in 
systolic pressure similar to that which they showed before operation 
and similar to that which occurred in patients with no heart disease. 

Adrenalin, like exercise, causes an increase in blood pressure and 
heart rate. The resjionse to intravenous injection of adrenalin before 
and after total thyroidectomy has been the subject of a jirevious com- 
munication.-® In four jiatients of the present series both tlie respon.se 
to adrenalin and the I'csponsc to exercise were studied. 



TIME IN MINUTES 

• lEFOUe OPtRATION. AHaiHAt. ATTACK 0« »» TRIM. ».M.R."-IB. 

•--« AFTER OFERATION. MO AH9WAI. ATTACK O.H tSO TRIF*. 


Pig-. 4. — Changes in lieart rate and blood pressure during exercise before and after 
total thyroidectomy. Tlie duration of time betTveen the last measurement made during 
e.xerclse and the first measurement during recovery was 30 seconds or le.s.s. 


The preo])erative basal metaliolic rate in Case 17 was -15 jier cent and 
thirty-six trips over the staircase induced angina (Pig. 5). One week fol- 
lowing ojieration, before the basal metabolism was lowered, foi-t.v-two trijis 
failed to induce cardiac ])ain. This early relief of pain is due to inter- 
ruption of afferent nerve jiathways at the time of operation and is a 
temporary phenomenon.-*" In this patient the basal metabolic rate was 
maintained at the preoperative level by the administration of thyroid 
extract for three weeks, at which time thirty-six trips again induced 
angina. Thyroid extract Avas then omitted. Eight weeks after opera- 
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tion the basal metabolism was -29 per cent, and the patient liad im- 
proved so that, he Avas free of pain CAmn after tAvo hundred trips. The 
response of the blood pressure and lieart rate to adrenalin and to thirty- 
six trips of exercise Avas essentially the same as before operation. Con- 
tinuation of the exercise, hoAvever (tAVo hundred trips), caused a sharp 
rise in blood pressure and a further increase in heart rate. At a later 
date (tAvelve Aveeks after operation) severe myxedema developed. At 
this time there Avas a marked decrease in the sensitivity to adrenalin, for 
relatiAmly large doses (3.5 e.c. per minute of 1:100,000 solution) Avere 
I’equired to induce the same change in blood pressure and heart rate as 
had previously been produced by much smaller doses (1.0 c.c. to 1.4 c.c. 
per minute of a 1 :100,000 solution) . The response of the heart rate and 
blood pressure, hoAvever, Avas essentially unchanged. Similar results 
were obserAmd in the other three patients. 


COMMENT 


The lack of knoAAdedge regarding circulatory changes associated Avith 
attacks of angina pectoris is largely due to the fact that the attacks are 
brief, and supervene Avitliout giving sufficient Avarning to allow prepara- 
tion for careful, adequate study. Although several investigators have 
had the opportunity to measure the heart rale or blood pressure Avhile 
the pain still persisted, such opportunities are rare and are largely be- 
yond control. The lapse of time from the onset of the attack to the time 
when measureinents can be made necessarily varies in different instances, 
and the normal heart rate and blood pressure for comparison must 
necessarily be determined at a subsequent time or from records of previ- 
ous examinations. Such measurements give little information as to the 
behavior of the circulation at the A'ery onset or immediately preceding 
the attacks Avhen changes in the circulation might possibly be of impor- 
tance in inducing the paroxysm. The rapid dcA'elopment, relatively 
short duration, and rapid disappearance of the paroxysms of pain sug- 
gest that there may be an equally rapid progression of changes in the 
circulation, and a single determination of the heart rate or blood pres- 
sure, therefore, fails to give an adequate picture of the circulatory 


changes accompanying the Amrious phases of the attack. 

- Attacks of angina pectoris have been induced experimentaUj^ hj”^ 


adrenalin,^®’ anoxemia,^"’ and exercise.®’ 


2G, 27, 31, 32, 36 ipjjg ability 


to induce attacks of angina at Avill enables one to prepare for careful 


obseiwation and to observe the entire chain of CA’ents during the dcA’elop- 


ment, duration, and disappearance of the jiain. Tlie significance of such 
measurements in relation to attacks of angina pectoris as they occur 


clinically depends largely on hoAV closely the induced attacks correspond 
to spontaneous attacks, both in clinical characteristics and in etiologj’. 
Wliile the precipitation of attacks of angina pectoris by adrenalin or 
anoxemia has no close clinical counterpart, the induction of attacks by 
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exertion is natural and in fact is one of the characteristic clinical fea- 
tures. Tlie standardized exercise tolerance test previously described"' 
duplicates faithfully the conditions under which many attacks are pre- 
cipitated in normal life. By means of this test it is possible to induce 
paroxysms of angina in the vast majority of ] 3 atients suffering from 
this condition, and the clinical characteristics of the attacks so induced 
are identical with those usually experienced by the patient in daily life. 
The ability to induce typical attacks of angina under these controlled 
conditions makes it possible to measure accurately the heart rate and 
blood pressure before the attack, during the development and onset of 
the paroxj^sm, during the height of the pain, and during the recovery 
from the attack. The necessity for rapidly repeated mea.surements is 
clear when one observes the swift .succession of changes in the circula- 
tion which take place during the precipitation and recovery from attacks' 
of angina. Striking changes in heart rate and blood pressure are e^d- 
dent within a few seconds afler the ce.ssation of exercise; observations 
made '‘during the attack,” therefore, give little insight into the situa- 
tion at the onset or immediately preceding the paroxJ^sm. 

Ohservations of the systolic Mood pressure and. lieari rate heforef dur- 
ing, and- after paroxysms of angina- pectoris, induced by exercise, reveal 
no characteristic changes which might aid- in establishing the diagnosis. 
Bischoff,® Wasserman,^^ Portoealis and Flora, 2''’ Wood and Wolferth,®® 
and Wayne and Laplace”" have induced attacks of angina by means of 
effort and measured the heart rate and blood pressure “during the 
attack” within a few moments after ee.ssation of the exertion. Under 
such conditions the heart rate and the blood pressure were elevated in 
most, although not in all, patients.^*’ 

The elevation of blood pressure under such conditions is a normal re- 
action which takes place during the first few minutes of recovery from 
exercise and is a result of the exerci.se, not of the angina. A similar 
rise in blood pressure following exei’cise has been observed in a group 
of normal patients .studied by Cotton, Eapport, and Lewis® : our control 
group, with no evidence of heart disease, shoAved this same reaction; a 
similar re.sponse Avas observed in the group treated by thyroidectomy 
who no longer developed pain on exertion; and a similar reaction aat^s 
seen in patients Avith angina ]iectoris Avho stopped exercise before the 
attack AA*as precipitated. 

An entirely diffei-ent picture i.s .seen if the mea.surements are made at 
the time of onset of the anginal attack oi* immediately before the onset 
of pain; the systolic blood pressure at this time is higher in some pa- 
tients, loAver in others. AA’hile in still others the blood pre.ssure is essen- 
tially the same as it Avas during rest (Table II). 

The heart rate at the onset of attacks of angina induced by exertion 
is elevated, as might be expected from the nature of the stimulus em- 
ployed in inducing the pain. The degree of elevation is of no aid in 
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establishing tlie diagnosis, for it varie.s in different patients ]-egardless 
of the presence or absence of angina pectoris. 

The attacls of anqina jminrh are not huluced hi/ any characterktic 
changes in systolic Mood pressure or heart rate. Observations of the 
blood pressure during paroxysms wbicli develop spontaneously with the 
patient at rest reveal little agreement as to the changes in blood pres- 
sure under such conditions. Hunter,’-’ Burgess,® and Levine and Ern- 
stene’” have found the blood pre.ssure higher during attacks of angina 
than at other times. Levine and Ernst ene suggest “that a temporary 
elevation in blood pressure is an important factor in the production of 
anginal attacks and may even be a nece.s.sary immediate cause of the 
attack.'’’” Allbutt’ cites two cases Avith elevated blood pressure and 
one Avith depressed blood ])re.ssure during attacks. Mackenzie”^ and 
LeAvis”’ liaA'e presented an unu.sual group of eases Avith aortic regurgita- 
tion in AAhich attacks of angina AA'ore ushered in by a I'ise in .systolic 
blood pressure. Begarding .such ca.ses, Mackenzie states, “Although I 
have taken blood ])ressur(> observations in cases of angina pectoris dur- 
ing the attack, no others luiA-e been found Avhich .shoAv . . . the rise in 
pressure consistently a.ssociated Avith i-ecurrence of pain.’’”® 

The observations made in the i)re.sent study shoAv that the .systolic 
blood ])ressure at the onset of attacks of angina is not always elcAmted 
but may ])e loAver or essentially the .same as the blood pressure during 
re.st. These measurements Avere made during attacks induced by con- 
ditions Avliich precipitate a large ])ro])ortion, if not the ga-eat majority, 
of attacks Avlaicli occur clinically. The observations recorded, thei’cfore, 
slioAV that such jaaroxysms of angina are not caused by an.y characteristic 
01’ specific change in .systolic blood pi’essua-e. 

The heart rate is elevated during attacks of angiaia pectoris induced 
by exertion. The elevatioai in heart rate uaider such conditions is un- 
doubtedly a response of the heart to the degree and character of the 
Avork inAmlA'ed in the exercise. Attacks of angina induced by other 
stimuli are not necessarily accompanied by a change in heart rate. Diir- 
ing the course of the present investigation an opportunity presented 
itself to measure the pulse rate in tAvo individuals immediately before 
and Avithin a feAv seconds after the onset of angina induced by sudden 
fright AA’hile the patients Avere at re.st. In neither instance AAms the at- 
tack of pain accompanied by any apj)reciable change in pulse rate. 
jMeasurements of the blood ])re.ssure Avere not feasible, for the length of 
time necessary to adju.st the blood pre.ssui'o cuff Avould 2 >reA-ent obsei’Am- 
tion of any transient changes. IMackenzie”® has obseived that the heart 
rate Avas increased in some ])atie.nts during attacks AAhile in others the 
rate became sloAver or Avas unchanged. Duke” has reported a case in 
AAdiich the attacks, precij)itated by heat, Avere unaccompanied bj’- any 
change in heart rate. Electrocardiograms taken by LcAy,”” Parkinson 
and Bedford,”’ and Btoav and Holman” shoAv the heart rate during 
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paroxysms of angina to lie essentially tiie same as when the patient was 
free from pain, Avhile the case reported l;>y Gallavardin and Rougier^^ 
sliowed a distinct slowing during the attack. Feil and SiegeP-" have 
presented electrocardiographic tracings taken during attacks showing 
in some instances a detinile inci’oase in Imart rate and in others an in- 
crease of less than 30 heats jmr minule. The tracings presented by Bous- 
fiehP shoAv a similar slight increase in rate. 

Wayne and Laplace^- fonnd a close correlation between the duration 
of attacks of angina induced by exertion and the length of time neces- 
sary for the heart rate to return to the resting rate. This was true in 
some of the eases included in the ])re.sent study, but it was not true of 
all ea.ses; in several instances the j)ain continued even after the heart 
rate had returned to, the resting level. 

Proger, jMinnieh, and IMagendanlz-'' noted that angina pectoris on 
exertion Avas associated in .some patients Avitb a I'ailure oP the heart rate 
to increase normally during exercise Avhile in othei's extra.systolcs dcA'cl- 
oped shortly before the onset of jAain. Simihu’ I'eactions Avere noted in 
several of the patients studied in the ])resent series. Since identical 
reactions aa’ccc ol)se7‘A-ed in ])atients Avithout heart disease aa'Iio did not 
dcA’elop pain on similar exertion and since angina pectoris was experi- 
enced by many patients aa’Iio shoAved a normal cardiac response during 
exercise, these, reactions in thom.selA'es cannot lie held responsible for the 
attacks of pain. 

The balance of evidence at the present time suggests that paroxysms 
of angina are induced by ano.xemia or relatiA'c anoxemia of the heart 
inusele brought about by tlie inability of the coronary circulation to 
supply sufficient blood for the demands oP the myocardium. The fac- 
tors AAdiich intluence the Aoaa- of blood through the coronary vessels are 
inadequately understood, but of undoubted importance are the caliber 
and rigidity of th’e a’CssoIs, the duration of systole and diastole, and the 
head of pressure at the mouths of the coronary arteries. Similarly, the 
demands of the myocardium are influenced by scA^eral factors including 
the frequency of contraction, the A’olumc output, the A’-elocity imparted 
to the blood .stream, and the arterial pressure AA'hieh the heart mu.st 
maintain and AA-ork against. 

Both the Avork of the heart and the coronary blood floAv are influenced 
in part by the heart rate and the blood pressure. An increase in heart 
rate and .systolic blood jnessure increases the Avork AAdiich mu.st be done 
by the heart, but at the same time, these changes bring about an increase 
in coronary blood tloAv ; Avhether tbe balance in a given instance enhances 
myocardial anoxemia or faA'ors adequate myocardial nutrition cannot be 
in-ognosticated Avith certainty. Under certain conditions the role played 
by these tAA'o factors ma.A' be of major importance in causing a dis- 
crepancy betAveen the sup])ly and the demand. Duiang episodes of 
paroxysmal rapid heart action, for example, the frequency and at times 
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irregularity of the cardiac contractions undoubtedly increase the energy 
expenditure of the heart muscle and at the same time probably de- 
crease the flow of blood through the coronary vessels; it is not sur- 
prising that paroxysms of angina have been observed during such at- 



Pig. a. — ^Response of the heai-t rate and blood pressure to exercise and to in- 
travenously injected adrenalin both before operation and after total thyroidectomy 
when various degrees of clinical improvement were evident. 


tacks."’ Similarly an increase in heart rate and systolic blood pres- 
sure in a patient with aortic regurgitation is likely to be accompanied 
by heart pain, for the low diastolic pressure prevents adequate filling of 
the coronary vessels. These situations, however, are unusual in the 
majority of attacks which occur clinically; other factors, such as the 
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inadequate flow of blood throiigii I’igid or spastic coronary vessels and 
the increased requirements of the heart during exercise, are of major 
importance. 

TliC' clinical improvement , in patients with chronic congestive failure 
or angina' pectoris, folloiving total thyroidectomy, is apparently inde- 
pendent of changes in sensitivity to adrenalin or changes in the amount 
of adrenalin secreted hy the body. Tt has been suggested that a change 
in sensitivity to adrenalin''’ or a decreased response of the heart to 
stimuli such as adrenalin or exercise'*" is responsible for the clinical 
improvement whicli follows total tliyroidectomy. 

In a previous investigation-® the sensitivity to adrenalin was measured 
by studjdng the changes in blood pressure, heart rate, respiration, and 
oxA'gen consumption produced in man by known doses of adrenalin ad- 
ministered continuously by the intravenous route. The sensitivity to 
adrenalin measured by these criteria was the same before operation and 
after total thyroidectomy when clinical improvement was manifest. 
(Pig. 5.) 

Although there was no change in sensitivity to adrenalin at the levels 
of hypometabolism maintained in these patients following total thyroid- 
ectomy, it is conceivable that the secretion of adrenalin is diminished, 
and the heart, therefore, is subjected to less intense stimuli.-® 

Unfortunately, quantitative tests for the determination of circulating 
adrenalin in man are not available. Indirect evidence regarding the 
concentration of circulating adrenalin can be obtained by measuring 
changes in heart rate and blood pressure, for tachycardia and an in- 
crease in arterial tension are characteristic physiological responses to 
adrenalin. If secreted adrenalin plays any part in the heart rate and 
systolic blood pressure changes during exertion, a diminution in adre- 
nalin output following thyroidectomy would be evidenced by relatively 
less change in heart rate and systolic blood pressure during exercise. 
This is not the case, for during the prolonged exertion made possible by 
total thyroidectomy the heart rate and systolic blood pressure rise as 
high as, or higher than, during exercise before operation (Table III 
and Figs. 4 and 5). 

There is, therefore, no evidence that exercise calls forth either a 
diminished secretion of adrenalin or a diminished response of the heart 
rate or blood pressure in man after total thyroidectomy. The improve- 
ment is rather to be related to a more favorable readjustment between 
diminished demands of the myocardium- and the available supply of 
blood through the coronary vessels. 

SUMMARY 

Attacks of angina pectoris were induced in thirty-five patients by 
exercise under standardized conditions. TJie systolic blood pressure and 
lieart rate were determined at half-minute intervals during and follow- 
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iiig sucli exercise. In this manner it Avas possible 1o deterjnine the sys- 
tolic blood ])ressiire and heart rate not only during- attacks of angina 
])eetoris but also immediately before and at the very onset of the 
paroxysms of pain. 

The systolic blood ])ressnre at the onset of such attacks was higher in 
some eases, lower in others, and in many instances essentially the same 
as the blood pressure during rest.. ^Measurements made shortly after 
the cessation of exercise, Avhile the pain still persisted, revealed the 
systolic blood pressui-e to be higher than tbe resting level in most in- 
stances. These variations in blood pres.sure Avere the result oi' tAvo fac- 
tors: (1) the changes in blood pressure brought about by exercise and 
(2) the duration of the exercise before being terminated by the onset 
of pain. 

The heart 5 ‘ate at the onset of the attacks. Avas inA-ariably inerea.sed; 
the degree ol; increase varied Avith the duration of exercise i-equired to 
induce the attack and the curve of increase ot the heart rate, during 
exertion. Measurements made .shoidly after the cessation of exertion. 
AA'hile the pain still ])ersisted, rcA’caled the heart rate to be eUwated hut 
to, a significantly lesser degree than at the onset of the attack. 

Similar chan.ges in .sy.stolic blood ))re.s.sure and heart rate’dviring and 
after exercise Avere ol.)servod in ])atieuts Avillnmt evidence of heart disease. 

Obseiwatious Avere made in patients before and after total ablation 
of the thyroid gland. Mith the lArolonged exertion made possible by 
this operation, tlie systolic blood pressure and heart rate rose as high 
as 01' higliei- than it did during exercise before operation. 

The AA'ide variation in .systolic blood jAressure and heart rate at the 
onset of attacks of angina indicates that such changes are not primary 
etiological factors in their precipitation and arc of no value in diagnosis. 

There aa’os no evidence tlial the clinical imjn-ovement foIloAA'ing total 
thyroidectomy aa-os diie to a lessened increase in heart I'ato oi' systolic 
blood jAressnre oi- to a (U'crea.sed output of adri'iialin during exertion. 
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LIGATION OF THE CORONARY ARTERIES IN JAVANESE 

MONKEYS'' 

II. Arkhythmlvs akd Conduction Disturbances 

A. DE Waart, M.D., C. J. Storm, M.D., and A. K. J. Koumans, M.D. 

Batavia, Java 

I N PART we described the changes in the ventricular electro- 
gTam which supervened after ligation of the ramus deseendens an- 
terior (L) in seventeen monkeys {Macaco- irns) and of the right artery 
(R) in fourteen of these animals. In one monlcey the right arteiy was 
obstructed seven weeks after left ligation. 

The following discussion concerns the arrhythmias which ATCre ob- 
served in these monlceys, whether they were accompanied by conduction 
disturbances or not. They include extrasystoles, paroxysmal tachy- 
cardia, ventricular fibrillation, sino-auricular block, auriculoventricular 
block, bundle-branch block, and nodal rhythm. 

It should be noted at once that no ease of flutter or fibrillation of the 
auricles was observed. It is possible that this is due to the fact that the 
arteries were ligated too far from the aorta to include with certainty any 
possibly existing rami eristae terminalcs or rami atriales. Lesions of the 
auricles were not found morphologically. 

extrasystol.es 

To localize the point of origin of ectopic beats by means of the electro- 
cardiogram, the only method available, in our experience it is necessary 
to make simultaneous records of at least two and preferably all three of 
the standard leads. It can happen, for instance, that in Lead I a ventric- 
ular complex is seen without any preceding P-waA’C, while in Leads II 
and HI P-waves, both negative and of the same size, prove to be present 
(See Fig. 1, segment B). If recording had been made successively and 
not simultaneously, the latter complexes would probably have been as- 
signed to another point of origin. 

Moreover, in successive registration it is never Imo-svii with certainty 
whether the extrasystoles caught in the different leads really represent 
the same type — in other words, whether they had a common point of 
origin. 

For such reasons we have, especially when studying extrasystoles, al- 
ways had great success with the use of simultaneous recording and have 
met with difficulties whenever the records were made successively. 

•Prom the Department of Physlologj- of the School of Medicine, Batavia, Java 
(Director, Prof. A. de Waart). 
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An experimental stndv made by one of us,* ivbicb was begun at about 
the time we started the coronary ligations and will be published se])- 
arately, put in our hands the various types of electrocardiogram appear- 
ing in the three simultaneous leads when the j\Iaeaca heart is stimulated 
by induction shocks at various places, the thorax being closed, the animal 
respiring spontaneously. On the basis of these results, which in general 
agree with those recently published by Koimtz and his associates," we 
were usually able to determine from our curves the point of origin of the 
extrasystoles observed in our coronary monkej’^s. 

First and foremost let it be emiihasized that we never found any ir- 
regularity in the heart action of monlvcys before operation. In the past 
years we have examined over 300 monkeys and have never found one with 
a spontaneous extrasystole. Om* experience is that these “spontaneous” 
extrasystoles ui various experimental animals, and certainly in monlieys, 



. Eiff. 1. — ^aionkey 37 R. A, before operation; B, 15 min., C, 17 min. after ligation of 
i-ight artery. Second complex in B shows auricular extrasystole without P in Lead I, 
but with negative P in Leads II and III. Second complex in <7 ventricular extrasystole 
from right apex, interfering with P-wave. 

occur less frequently than in man, which is perhaps of some interest 
to the clinician. Nor did we ever see extrasystoles develop in a monkey 
under the influence of “emotion” or under the influence of the narcosis 
as applied in our experiments.® We are convinced, therefore, that the 
extrasystoles described here may be regarded as resulting from the 
coronary ligations. 

They may, then, be unspecific (i.e., due to the operative trauma as 
such), or specific (i.e., due to the changes produced in the heart by the 
coronary obstruction as such), formerly called by Levis'^ a local state of 
irritability in the area of the anemic heart wall. 

First, as regards the influence of the operative traimia, which as a rule 
is not considered of importance:®'" it is our experience that extensive 
operations in the monkey thorax (for instance, the entire operation al- 
ready described without coronary ligation but including the passage of 


•storm. 
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a ligature Ihrougli the superficia] layers of the lieart muscle, or the ex- 
posure of tlie heart and subsecpient incision and section of parts of the 
conduction system) usually may he done without indueiiig extrasystoles. 
Also sucli operations are in our experience not. followed by ectopic beats. 
Since about 60 per cent of our monkeys after coronary ligation showed 
no extrasystoles, it is our opinion that no great, etiological significance 
need be attached to ])ossib]e mechanical irritation by the ligature itself. 
Uforeovcr, it might be expected that any ])0.stoperative extrasystoles 
Avhich did arise as a result of such direct irritation would originate at 
the site of the ligature. To what extent such extrasystoles probably ap- 


Tablk I 

Nu.mbki: .\xi) Tyi’k of PJxti!as\'.stoi-k.s OijSEiivKi) ArjEii Ligation 


MONKKY 

FIUST E. S. 
OBSERVED 

AFTER 

LIGATION 

L.tST E. s. 

OBSERVED 

AFTER 

LIGATION 

.SURVIVAL 

AFTEU 

Ol'ERATION 

' NtLMBER AND 

TWrE OF 

‘ E. ,S. 

1 

4 L 

48 min. 

(>3 min. 

(i mo. 

1 nodal 
ij base' 

7 Jeit^ 

1 right-- 

5 L 

20 min. 

20 min. 

.‘U> min. 

1 nodal 

1 left'" 

0 L 

1 wk. 

1 wk. 

7 wk. 

1 apex* 

<3 L + K 

Go min. 

(>5 mill. 

4 hr. 

3 auricular 

.El L 

JO min. 

.10 min. 

23 min. 

1 left fijiex 

1C L 

7 min. 

7 min. 

13 mill. 

1 nodal or 
apext 

19 L 

4 da vs 

4 davs 

2 mo. 

1 btise* 

10 B 

5 hr! 

3 mo. 

C mo. 

330 right apex 
and 48 left 
ape.v 

12 B. 

1 day 

32 da.vs 

54 mo. 

313 right apex 
and mifUlIe 

11 K 

4 min. 

S min. 

4 mo. 

2 right base 

30 B. 

22 min. 

22 min. 

C hr. 

3 right apex 

37 R 

15 min. 

18 min. 


1 auricular and 
1 right apex 


•Not to be localized more exactly because seen in only one lead. 

■fNot to be localized more exactly because complicated b.c bundle-brancli bioclc. 


peered in our experiments will be discussed after we have first presented 
in Tables I and II a I'cview of the extra.systoles I'ceorded after eoronaiy 
ligation. 

Becords were made several times per liour in tlie first two or tliree liouis aftei tlie 
operation, tlie projection of tlie strings being carefully watched in the inteital.s. 
AVlien the monkey survived for a longer jieriod, curves were taken about twu-e a 
week. Each record contained about canliae cycles in each lead, taken .siniiil 
taneously or successively. It was, of course, practically impossible to leave the 
animals continually connected to the galvanometers. U is certain, therefore, that 
although about 1,200 curves were made, there have been more extra.systoles among 
our material than could be eolleeted for our inblcs. 


Some of 
this paper: 


the curves with extrasystoles after ligtiiion are 
one was shown in Fig. 14, Part I. 


reproduced in 
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TABIiE II 


RE1.AT10X Betwkk.v Type ok Extkasystole and Ty-pe of Ligatiox 


1 

LEFT 1 

RIGHT 

i 

LIGATION 1 

LIGATION 


^ ■ •~l ■— — . I I - 

Total number of monkeys j 17 i 15 


Total number sbowing o.vfrasy.stoles 

Among these sliowetl: 

1 -1.1 

6 1 

XU 

G 

Auricular E. S. 

0 

*-> 

Nodal E. S. 

o 

0 

Left ventricular E. .S. 

o 

o 

1 

Eight ventricular E. 8. 

1 

5 

Left base E. S. 

0 

0 

Left apex E. S. 

1 

1 

Eight l)a.<''e E. *S. 

0 

1 

Eight apex E. S. 

0 

4 

Undetermined 

5 

0 



Fig:. 2. — Alonkey 3G K. --I, before operution ; 22 min.. C, .■>2 min. after ligration of 

rig-lit .orteo'. In B second complex cxt’-a-systole i'rom rigrht ventj-iciilar apex, fourth 
complex point of orig-in a little higher, but still in apical paj-t. In B Lead III calibra- 
tion deflection ju-st before .second extra.sy.stole. 


Ill Spite of the fnet. mentioned above, lhal we do not attrilnite any 
dominant .sijinifieanee to local iiTitalion eansed by the ligatiii’C and prac- 
tically none to operative trauma, wc tvill not enlireh* exclude the former 
as a possible cause of a ]iart of our exlra.sysloles. 'We. regard such local 
irritation as a possible cause of the nodal and basal extrasystoles of 
]\r.onkeys 4 L, 5 L, and 14 E, for they all originated in or near the place 
of ligation, appeared .shortly after the ojieration, and were not seen again 
in subsequent records. The same holds good for the auricular extra.systolc 
of iVIonlvey 37 R (Fig. 1 B). in Avhich animal the ligature was found by 
microscopic examination to have included also a small part ot the right 
auricle. 

. On the other band, we are of the opinion that the cxtrasystoles originat- 
ing in the apical part of the ventricles (as in Fig. 2) could not arise 
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from local irritation of the ligatures and must therefore l)e regarded as 
specific results of the internal changes developed in or near the muscle 
area formerly supplied by the ligated vessel. 

In particular, Monlteys 10 R and 12 R point to tlie possibility that 
such extrasystoles, especially if they show a tendency to persist for a 



Fiff. 3. — Monkev 10 R. Isolated and coupled extrasystoles, originating in left apt^. 
Bix days after ligation of right artery. This was seen only once in 
other extrasystoles preceding and following the paroxysm were of the right apex type. 
See also Fig. ^ A, 



long time and to develop into paroxysms of ventricular tachycardia, can 

hear a more or less localizing character. 

Repeating this investigation with a larger number of monlmj'S and 
ivith still more frequent eleetroeardiograpbic recordings would probably 
place this opinion, which is also found in the literature, on a more 
certain basis. 
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PAROXYSMAL TACHYCARDL\ 

111 i\Ionkeys 10 R and 12 R we observed salvos of extrasystoles, starting 
and ending as isolated or coupled ectopic ventricnlar beats of the same 
tjiie as seen in the paroxysm. 

Tlie increase in heart rate during these attacks is in monlcejK not as 
large as in man. Tliis is undoubtedly connected with the fact that the 
normal monkey heart beats so rapidly that the normal diastole is shorter 
tlian the normal systole.® 

Mmilcexj 10 H . — The tj^pe of extrasj'stole before the paroxj'sms usually indicated 
the right apex as the point of origin, with this remarkable exception that on a given 
day (Fig. 3) groups of one or two extrasystoles were observed originating in the 
left apex. 

The paroxysms on tlie followijig days (Fig. 4) and also all extrasystoles there- 
after were, however, cleaidy of the right apex type. In connection with the septum 
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Fig-, i). — ^Monkey 10 R, Eight days after ligation of right arteo^ Lead I only. A. 
before ; B, during bilateral pressui-e on region carotid sinus. Vagus reflex. 


lesion, described in tliis animal, this temporary variability of extrasystole type 
appears to us in all probability to indicate a point of origin that usually was located 
in the right apical part of the septum but occasionally and exceptionally lay in the 
contiguous left apical part. 

This monkey showed beforehand (Fig. 10) a prolonged P-lt interval, periods 
of Wenckebach, and drojjped beats. 

.A remarkable observation was made in this animal on April 28, 1933, 
when we succeeded, as shoivn in Fig, 5, eight days after the operation, 
in temporarily checldng the paroxysm by a bilateral pressure on the 
region of the. carotid sinus, comparable to the clinical “vagus pressure 
test, ’ ’ which in fact concerns a vagus reflex. That we were dealing here 
with such a reflex, as described by Hering,^® and not with a casual change 
in the rhythm, was proved in our opinion by the fact, that the frequency 
of the normal heartbeats, which was 180 in the intervals between the 
paroxysms, fell to 96 - during pressure on the carotid sinus (Pig. 5 A 
and B). At the same time the P-R interval Avas shortened, indicating 
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probably a downward sluftbig of the pacemaker. Immediately the pres- 
.surc was released, tlie paroxy,sm,s of extrasyslolcs retimjcd, for a time 
o\cn more violently (in gronps of six or seven as against the earlier 
groups of three). After that day no fnrtlier attacks Avere observed al- 
thongh now and then there apptmred isolated extrasystoles of the right 
apex type; lluis at the time the extrasystoles reacted to the ‘A'agns 
pressure/’ they Avere already in all probability tending to disappear from 
other canses. Still onr observation in this monkey seems conformable to 
those of LoAvis® in the dog, in Avbich animal ])aroxysms could be cliccked 
l)y electrical A’agus stimulation in 30 per cent of his ca.ses. 



Fig. 6. — ^Monkey 12 K. Beginning and end of paroxysm of ventricular tachycardia, 
originating principally in I'iglit ajicx, but sometimes some-svliat higher, fl days after 
iigation of right artery. 

iLonkni 7^ i7 slioweil no septum lesions. One <hiy after the right ligation isoiufcii 
extrasystolos of the right apex and right middle type appeared (Part I, Fig. 14 G), 
which increased to paroxysms some ilays later (see Fig. 6). These remained for 
one day only and disappeared in the course of the next four days, passing through 
a stage of isolated extrasystolos. If a study had been made only in Lead I, it would 
have been impossible in tlie case- sliomi in Fig. 6 to detect the migration of the 
point of origin from the apex to the midille of the right ventricle, and vice versa 
(see especially Lead 111). 

One AYOuld ‘be lemiitcd to connect the apiicfiranee of an extrasystolc 
of otbef l.vpe at the end of a imroxysm (see Fig. 6) Avitli the ending ot 
the attack as a imitler of cause and effect since it seems jiossible experi- 
mentally to end a paroxysm by interjecting a second -circulating wave 
into oire that is already estalilislied.’** HoAACver, avc observed in clinical 
curves as avcII as in onr experimental ones thaf similar extrasystoles of 



DK AVAAirr E'l' AIj. : COKONARY ARTERY LTGA'JTOX IN ilONKEYS 77 


other 1y]k; oiteii do not bring sneh a paroxysm to an end (see Fig. 4) 
and, on the other iiand. Hint quite often an attack ends Avithont tlie inter- 
Ycntion of an extrasystole of other tYjie. 

l^aroxysms ot ventio'cnlar extrasystoles were seen onjy in the two mon- 
keys described ahore, in l)otli cases after ligation of the right artery. 
In cats and dogs tlnw seem to oc('iir more fi’eqiiently. also especially 
alter I'ight ligation.^- ” Why. then. YYcre they relatively so iincoAii- 
mon in onr monkeys,’ Perha]).s in this regard the folknving is of some 
im])ortance. 

The monkey heart is probably only acee.ssihle to ectopic stimuli for a 
very short time, OAving to its i-elatively long systole and relatiA’cly very 
.short diastole. A larger portion of these stimnli will threaten to occur 
during .systole and at that jKU'iod will he eithcj- ijicapahle of pinducing 



Figr. 7. — ^A'ontrieular flbriHation in Alacaca after stimulaling conu.s a rterio.'sus with 
break .shock (F) at end- of .sy.stole. Thorax edosed. Spontaneous i-espirntion. Pii-st 
complex; oxtra.sy.stole from conu.s arteriosus; .second; last normal, olectroojirdiogram 
during which the fatal-.stimulu.s C enters. 

any effect or, if falling toward the end of sy.stole, Aviil tend to produce 
fibrillation Thus the monkey heart might have a smaller chance 
to develop extrasystoles or ])aroxy.sm.s- during a longer jieriod and a 
greater chance to fall soon into fibrillation. 

Thinking along these lines avc come automatically to the study of ven- 
tricular fibrillation in our monkeys. 


VENTRICUEAR FIBRIEEATIO.N 

In the course of his investigations of experimental extrasystoles men- 
tioned above, one of us'^ was able to record t.hat actually in Macaca.a 
ventricular extrasystole, provoked artificially in the latest part of a nor- 
mal systole, -can pass over into fibrillation (see Pig. 7). 

♦Stormi ■ ■ ■ 
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Tliis is in accordance with, the observations in frogs and dogs which 
have Just been mentioned^"' and also with a record Feil and his associ- 
ates^® made in a dog after coronary ligation. 

It is therefore possible that in those of our monlceys which developed 
ventricular fibrillation the cause lay in one or more extrasystoles occur- 
ring Just at the “fatal” moment. We did not succeed, howevei', in 
photograpliing this, nor could it be deduced with certainty from tlie 
observations collected in Table III. 

Table Hi 


Review of Extba systoles Obsekv'ed in Tho.se Monkeys Which Developed 

Ventricular Fibrillation 


sionkey 

TIME OF APPEARANCE 
OF VENTRICULAR 

FIBRILLATION 

AFTER OPERATION 

PRECEDING EXTRA- 
SYSTOLES OBSERVED 
OR NOT 

REMARKS 

5 L 

36 min. 

Yes 


13 L 

23 min. 

Yes 

1 

15 L 

33 min. 

Xo 

I 

16 L 

13 min. 

Yes 


19 L 

±2 mo. 

Yes 

1 

Small amount of 
chloroform. 

26 L 

27 min. 

Xo 


49 L 

5 days 

1 Xo 


52 L 

16 min. 

No 


40 R 

35 min. 

No 


X R 

15 min. 

1 No 

Both vagus nerves 
previously cut. 


However, in regard to Table III, it must be noticed that : (a) w^e never 
succeeded in recording the beginning of fibrillation in these monkey.s, 
.and therefore it is possible that the “fatal” extrasystole escaped us; 
(b) there may have been isolated extrasystoles which, in spite of our 
numerous recordings, also escaped us; (c) it is possible that still more 
monkeys died of fibrillation, as will be described later. 

Nevertheless, it is certainly remarkable that just the monkeys which 
showed the most extrasystoles (10 R and 12 R) did not pass into fibrilla- 
tion, and further that the frequency of the plienomenon seemed much 
greater after left ligation than after right ligation, a fact which was 
not observed of the extrasystoles. Of the twelve monkeys wMeh showed 
extrasystoles, six after left and six after right ligation (see Tables I 
and II), only four, all left monkeys, went with certainty into fibrillation. 

To what extent is the fibrillation we have described specifically the 
result of the disturbance in the coronary circulation; to what extent is 
it not 

Fibrillation can for instance be caused by a mechanical stimulus fall- 
ing at a “fatal” moment in the cardiac cycle, but in that case it begins 
immediately. We did observe this kind of fibrillation in eases of bundle- 
branch sections at the instant the Icnife cut into the ventricle, or in ex- 
periments on extrasystoles at the instant electrodes were stuck into the 
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heart innscle. ^Ye observed it also in Monkey 28, ivhich was not further 
discussed here, in Ydiich it started at the very first attempt to ligate the 
left artery at tlic very first prick of the needle before anything was tied 
off. This immediate beginning is characteristic of mechanical fibrillation. 

In the cases of Table III, w^hieh shows that in eight out of seventeen 
left monkeys and two out of fifteen right monkeys the heart went 
with certainty into fibrillation, in our opinion tliis “mechanicar’ fibrilla- 
tion did not play any part. 

AVas the fibrillation caused by the narcosis or by the operative trauma? 

In the course of many thoracotomies on monkeys we have never ob- 
served a case of fibrillation as long as the heart was not operated on, nor 
did we ever see a ease induced by pernocton or evipan sodium narcosis 
per se. Neither the operative trauma as such nor the narcosis as such 
need therefore be taken into consideration here as etiological factors. 



Elg-. 8. — Monkey X R. A, before operation; B, 10 min., G, 15 min. after cutting both 
vagii.s nerve.s and ligation of right artery. 

For these reasons we regard the cases of fibrillation collected in 
Table III as a sequel of local biological changes in the heart caused by 
the disturbance in the coronarj'’ circulation. In this connection it must 
be pointed out, however, that certainly in Monkey 19 L and probably in 
Monkey X F a secondary cause also played a part. 

In Monlcey 19 L two months after the operation, when the animal became rest- 
less during a registration, a very small amount of chloroform was administered by 
an assistant, something which had never been done before and has never been done 
since in our series of experiments. Fibrillation set in immediately. 

In Monlcey X B the vagi were cut on both sides before the ligation in order to 
observe if this procedure would affect the S-T deviation expected or would promote 
the appearance of extrasystoles. No noticeable influence upon the S-T deviation was 
found, but it is possible’s that the development of fibrillation was thereby accelerated 
(see Fig. 8). 
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We have described as fibrillation only those cases which could with 
certainty be recognized as such, either by actually seeing the heart 
fibrillatiug- or by the electrocardiographic record or by noticing the 
typical vibrations of the string. It is, however, not excluded that also 
j\'Ionkeys 37 L, 23 E, 36 R, and 41. R died in fibrillation, two days, six 
hours, six hours, and four days, respectively, after their operations. 
Among these animals only 36 R showed ext rasy stoles. It is true that wo 
did not observe their fibrillation as such. In ]\lonkey 6 L 4 -R we believe 
fibrillation improbable. In Monkeys 25 R and 37 E we know for certain 
that the heart finally stopped beating without intervening fibrillation. 
These last monkeys showed a fading of the heart action, an increa.sing 
bradycardia with bizarre terminal ventricular complexes, similar to those 
seen iii suffocation. It is probable that in these eases a primary heart 
insufficiency caused a failure of respiration and this finally a secondary 
failure of the heart due to asphyxia.-^ 

Not only in experimental suffocation of Macuea, but also after the very rapid 
intravenous in.iection of large doses of pernocton or evipan sodium, vliieh we usually 
give for killing an animal instantaneously, the heart stopped according to electro- 
cardiographic control cpiite certainly ■without any fibrillalion. 

From the descilbed observations on fibrillalion we conclude that thc 
chance of fibrillatiou after coronary ligation is relatively greatest during 
tlie first forty minutes; that if it has not developed within about five 
days, there is a very great probability that it will never set in; and 
finally that ([uite certainly not every death after coronary ligation is 
to be attributed to fibrillation. 

Fibrillation once developed, or at least once observed, never slopped 
spontaneously. Nor could we ever succeed in stopping fibrillation by 
chemical or physical methods, as, for instance, described by Wiggers^- 
and Hooker.-® Without going into the theories of fibrillation, let us 
state that these measures did not prove effective in cases of fibrillation 
after coronary ligation. 

COXDUCTIOX DISTljRBAXOK.S 

In the experimental animals, discussed below, various conduction dis- 
turbances were obseiwed. The origin of these disturbances must be 
sought in the coronary obstiaietion since they never appeared in mon- 
keys to which the same methods of narcosis and opei-ation were applied, 
but the coronary artery was not ligated. 

Monkey 16 L . — One or two minutes after ligation of the anterior descending 
branch, an S-T deviation appeared. In this animal the loads were recorded only 
successively. After five minutes, while Lead I was actually being recorded (Fig. 
n C 7) there appeared a disturbance of intraventricular conduction. This di.sturb- 
anee was characterized in Lead I by a progressively increasing downward S-wave 
and upward T-wave (comiilexes h) and began originally alternating with the earlier 
developed “normal” coronary electrocardiogram (coinplexe.s c). There later ap- 
peared (partly reproduced) two groups of five comple.xes (b) separated, by one 



DE 'WAART ET AE. ; 


COROXARY ARTERY LIGATIOX IN MONKEYS 81 


complex (e) after wliicli h became permanent; and also Leads II and III, taken 
in, succession, proved permanently inverted (C II and 0 III); in both Leads Il.and 
m QKS is inverted aiid broadened, while in Lead TIT it is also clearly feathered. 
In both, the after-wave is hijfli and positive. 

AMiat Jiere develops within one minute (five ininntes alter ligation) 
can hardly be anytliiiig' other than a. hundlc-h ranch hloclc in this mon- 
key,, presiiniably a right block. ,lt i.s, liOAVCA-er, cpiite po.ssible that the 
right block caii.sed by .section of the bundle branch in a normal monkey 
heart shows another form of curve, since in onr case the coronary ligation 
might liave changed the function of the. ventricular muscle also jieripher- 
ally to the conduction system. 

Finally an extrasystole (P IJ) was seen in this animal, whicli tliirteen minutes 
after the ligation developed V('utriculur filirillation. ''J'liis extrasystole was un- 
fortunately ()b.«erved only in Lead 11. Therefore tlie ])oinf of origin ennnot be 



' KiK. fl. — Alonkey li! Ij. Ei;a<l.< taRen .'sucoiv.sively. .1. before operation ; B. 2 min., 
V, 5 min., D, (Lead II onl.v) 7 min,- after ligation of tlie ramus descendens anterior. 
In C, during Lead I devek- ■ ■ ■ ; ' ' ■ V- : ■ • block (b), at fir.st alternating witli 

normal beat-s (c), later ■ . ■ eloped in C II and 111. In D II 

.•'■(■eond comple.x o.vtra.sy.sto'- . ■ ■ . ’ ■ 'ext. 

determined exacth", ospecdally .since the ventricular elect roctirdiogram has already 
been modified hy the bundle-branch block. Was it a nodal extrasystole forced 
into recording an abnormal ventricular complex, or did it originate in tlic left or 
right ventricular apex, in both cases recording such a complex in a normal heart ? 
In this instance Lead I, whicli is at present lacking, would have been especially use- 
ful for giving further information. It may be concluded from tlie curves that in 
this monkey very probably the septum function was disturbed altlumgh, as a result 
of the short survival of the animal, a lesion did not become manifest. We shall dis- 
CU.SS later this seplum involvemeiil in connection with tlie direcfioii of tlie N-T a.xis 
here observed (-f99°). 

MonTcey 10 II . — ^After right ligation u delinite E-T deviation appeared within about 
two minutes. The P-B interval before the operation was 0.07 sec. (normal in a 
monkey); eight minutes after the operation it was 0.10 sec.; twenty-eight minutes 
after the operation Wenckebaclris periods and droiiped beats appeared (Fig. 10) 
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during which P-ll increased to 0.13 see.; one hour after the ligation P-E was 0.12 
sec. and tlie symptom of dropped beats had disappeared. This increase of the P-E 
interval remained for about five days, after which P-E again returned to 0.07 just 



Eig. 10. — Monkey 10 R. Leads taken successively, 28 min. after ligation of riglii 
arter.v. Pi'ogressivc lengtliening of P-R interim], dropped beats. See also Part T, Pig. 
7 and this paper Figs. 3, 4, and 5. 



Pig. il. — Monkey 25 R. A, before operation; B, i min., C, fl min. .ifter ligation of 
right artery. During D. 2 to 1 block. 

about at the time the attacks of ventricular e.vtrasystoles (see above) began to 
appear. 

Monkey 25 li . — After ligation of the right artery a definite S-T deviation developed 
witliin about four minutes. Before the operation the P-B interval was 0.07 sec. 



OK ^VAAK'^• rri’ AL. ; 


<H)I{OXAKY AKTEKV LIGATION IN :M0NKETS 83 


and the ventricular rate 225 per minute. Four minutes after the operation a 2 to 1 
block set in vnth a sometimes sliglitly shortened P-E interval and a ventricular rate 
of l.iO (see Pig. 11). It appears that the aurieuloventricular node or bundle was 
.still conducting quite well at this frequency of 120 per minute but that it became 
very easily fatigued or recovered slowly and therefore could not pass the 240 sinus 



Pig. 12. — ^Alonkey G L + R. A, before operation; B, 84 min. after ligation of the 
ramus descendens anterior on Hlarch 28, 1933. C, 1 Ijour after ligation of right artery 
on May 17, 1933. In C, 2 to 1 and 3 to 2 block, lengthened P-R interval. During Lead 
I sometimes sino-auricular block. 



Pig. 13. — ^aionkev G L + R. Taken G5 min. after ligation of right artery. At A' 
aurieular extrasystoles (showing in Leads II and III a negative P-wave), not passing 
to the ventricle, but followed by compensatorj' pause in P rhythm. Second ventricular 
complex represents escaped nodal beat. Note 3 to 2 and 2 to 1 A-V block. See also 
text. 


imimlses per minute. This 2 to 1 block, however, existed onlj^ for about one 
minute and did not recur. The P-E interval returned to 0.07 see. and the ventricidar 
rate to about 200. The animal died in about one hour without fibrillation (see 
above). 
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Monl-ca 6 r. + 7i’.— After ligation of the anterior def^eonding branch an S-T axis 
developed, as already described, in the mixed field (+127°). Before operation the 
heart rate was 245, the P-R interval 0.07 see., and the length of ventricular svstole 
O.ta see. These did not change after the left ligation (Pig. 12 Ji). After "seven 
u-eeks-the right coronary aitery was ligated. .Vgain there apiieared an H-T deviation 
(-100°, right field) and a definite .secondary coronary electrocardiogram developed 
with prolongation of the A-entrienlar systole to 0.2.‘: sec. and an interval from the 
beginning of QR.S to the summit of the after-wave of 0.15 sec., being e.xactly the 
original length of systole. Ai, first there njijieared a 2 to 1 block in n-liicii the 
minimmn P-R interval was 0.11 sec., the sinus frefpiency 202, and the ventricular 
rate 101. Afterward a remarkable rhythm was discovered (Fig. 12 C and Pig. 13). 
We noticed sometimes a 2 to 1 and sometimes a .‘5 to 2 block (dropped beats with 
Wenckebach’s periods), furtiier a temjiorary 3 to 2 sino-aiiricular block, and 
auricular extrasystoles not passing over to the ventricle, but followed by a com- 
pensatory pause in tlie P iliythm. (Iccasioiially there were also e.scaped nodal beats. 



Pig. 14. — Heart of Monkey 6 L + R. Lesion of left ventricular wall and anterior 
part of septum caused by the first libation (raimi.'j de.^cenden.s anterior), which oc- 
curred seven w'eeks previously. 


Perhaps in this monkey the aiinciiloventricular bundle or node became either less 
conductive or sooner fatigued ; it is also possible that the ventricle in lengthening 
its systole lengthened also its lefractorv jieriod and thus contributed to the 
arrliythniia. The blocked auricular extrasystoles point in our opinion to a disturb- 
ance of the auriculonodal regions. This animal died some liours after the second 
ligation, apparently from circulatory failure. There were no indications of fibrilla- 
tion. The heart clearly showed the result of the left ligation (Pig- 34). 

In one case, after ligation of the right coronaiy artery close to Iho 
aorta, the function of the higher pacemaker was obvion.sl.v practieall.) 
eliminated, tvith llte consefinenl gi'adnal development of <i slov nodal 
rh^d;lun. 

Monkey &3 A.— Within two niiiiiitcs after ligation of the right artery the S-T 
deviation was seen, desei'ibed in Part I, accompanied by after-waves in the opposite 
direction and jirolongation. of the ventricular ^'stole from 0.19 to 0.26 sec. After 20 
minutes a downward shifting of the pacemaker began; P, decreased, P, became 
diphasic, and P. negative, all gradually approached R and finally appeared directly in 
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contact 'with the ventricalar complex (Fiy. 15 D). so tliat the negative P-, if studied 
only superficially, iniglit orronoonsly be taken for a Q_-wavo. At tko same time tlie 
heart rate decreased because of tlie lower frequency of the shifted pacemaker. This 
heart rate before operation was 171, four mhnitos after operation loS, twentj' minutes 
after operation 113, and seventj'-three minutes aftci' operation 120 per minute. 

We have already pointed out in Part 1 (Ca.ses 23 A and 2:-> B) that, while tlie S-T 
deviations in Loads I and TTf (wlu’cli were in op]>o.sitp directions) increased, tlie S-T 
segment in Lead II tended to become isoelectric (Fig. 15 B and D). This meant 
a rotation of the S-T axis of only 10°. Lead II, con.sidered by it.self, if no notice be 
taken of the nodal rhythm, showed a ‘•normal’’ electrocardiogram, which is once 
more a warning never to bo satisfied with the results of a single lead. Since the 
after-waves in Loads I and III practically neutralize one another, the prolongation 
of systole does not become manifest in Lead 11, as was also described in Part T. In 



jcjg. 15 — ^Monkev 23 R. A. before operation; 1>, 3 min.. C, 20 min.. D, 73 min. 
after I’ig-ation of ri^lit firtery. Xodal rliytlim develops. Eittlc ehang-e in the ventric- 
ular complex of Lead II. 


connection with the well-known rule that II = I + IIT, the segment B of Fig. 15 
happens to illustrate the pos.sibility, so often described, of a normal electrocardio- 
gram being built up of two practically nionophasic components. This animal died 
about five hours after the last record was made; there was no evidence of fibrilla- 
tion, the presumable cause of death being cardiac failure or a gradual fading of the 
heart automaticity. 

Resiimiiig, avc may stale (hat; after left ligation bundle-braneli block 
Avas obsei-Yed, and after right ligation sino-anriciilar block, aiiriciilo- 
vcntricular block, and shifting of the pacemaker. 

A study of these conduction disturbances tends thus to give rise to 
the impression that in Macaca the right coronary artery is of greater 
significance for the higher centers and conduction paths, including the 
auricnloventricular node, Avliich in man also is supplied juincipally by 
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tile light aTteiy;^"* wliile the left artery in this monkey nourishes tlie 
lower strands, namely, the bundle branches. 

It appears, however, that often the nonligated vessels can function in 
a compensating way since many ligations were not followed by conduc- 
tion disturbances, and such disturbances, even if they developed, some- 
times disappeared later. 


SUMMARY 


The arrhytlimias and conduction disturbances, observed in several 
monlceys {Macaca iru^) after coronary ligation, are described. Extra- 
sj^^stoles were recorded in six out of seventeen monkeys after ligation of 
the anterior descending branch of the left artery and in six out of 
fifteen monkeys after ligation of the right aileiy. The pomts of origin 
of the extrasystoles ■were detennined from the electroeardiogi’am, es- 
pecially from simultaneous records. The probable cause of these extra- 
systoles is discussed. Such extrasystoles may, especially if they originate 
in the apical part of the ventricles and show a. tendency to persist for a 
longer time, bear a localizing character. In two of the monkeys with 
ligation of the right vessel, ventricular extrasystoles developed into 
paroxysms of ventricular tachycardia. In one of those a paroxysm could 
be temporarily checked by a bilateral pressure on the region of the 
carotid sinus. The possible relation between extrasystoles and fibrilla- 
tion is discussed. Ventricular fibrillation could be caused experimentally 
in the monkey by an electrical stimulus at the end of systole. A correla- 
tion between extrasystoles and ventricular fibrillation could, however, 
not be proved with certainty from the observations after coi’onary liga- 
tion. Certainly at least eight of the seventeen monkeys Avith ligation of 
the left vessel and two of the fifteen monlvcys Avith ligation of the right 
vessel died of A'entricular fibrillation. The chance of fibrillation after 
ligation is greatest during the first foity minutes. If it has not developed 
AA'ithin about five days, it Avill probably never set in. Not every death 
after coronary ligation is due to Amntricular fibrillation. Fibrillation 
after ligation could not be stopped by chemical or physical methods. 
Bundle-branch block aa'cs obseiwed after left ligation; sino-auricular 
block, auriculoventricular block, and shifting of the pacemaker after 
right ligation. The relatNe Amlue of the right and left eoronarj^ artery 
in supplying the different parts of the conduction system in Jlacaea is 
discussed. 
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THE APPEARANCE OP THE T-WAVE IN LEAD IV IN NORMAL 
CHILDREN AND IN CHILDREN VHTH RHEUMATIC 
HEART DISEASE 

With Sojik Observations Concerning the Cause oi’ the 
T -Waves Obtained^' 

i\t. Robinow. M.D., L. N. Katz, M.D., and A. Bohxing, M.D. 

Chicago, Ii.t>. 

I ’HE value of Lead IV in condition.s other than coronary disease has 
received little attention. Tlie jireliniiuary i-ep.ort by Levy and 
Bruenn,^ therefore, stimulated us to investigate more systematically the 
appearance of l^ead IV in rheumatic heait disease. Wo felt that since 
many of the imtienls witli tliis disease were children, it might be 
advisable to determine the ajipearanee of Lead IV in normal children 
of various ages and to establi.sh criteria for eomt)arison with children 
having rheumatic, heart disca.se. AVe found, for example, that an up- 
right T-Avave in Lead lA' occuri-ed in many normal children, a finding 
which has been reported indejiendently by Alaster and his associates- 
and by Ro.senblnm and Samp.son.-’t This would make the ujiright T-wai’c 
in Lead lA" ro])orled by Levy and BrueniP in rheumatic heart disease 
less significant in children. In the pre.sent study an attempt was made 
also to evaluate the cause for the changed ai)])earance of Lead lA^ in 
normal children and those Avith rheumatic heart disease. 

Pour-lead electrocardiograms Avere obtained in 61 normal children 
and 5 adolescents; in 20 a second recoixl Avas obtained at a later date to 
determine the stabilit.v of Lead lA'. Four-lead clectrocardiogTams Averc 
also obtained in 31 children, 4 adolescents, and 10 young adults suffering 
from rheumatic heart disease. Records Avere obtained in 28 of these 
during the acute stage and in 29 during the inactive stage. In 24 patients 
serial curves (from Iaa’O to four) AA'ore obtained during the course of the 
disease. 

The technic employed Avas that ]>rcvioush' described by Katz and 
KissiW and by Bohning and Katz.^ The electrode Avas placed in the 
fourth interspace just to the left of the sternum. In children of fii'c 
years or younger a. smaller sized electrode (1.5 Iia' 5.0 cm.) Avas used. 
During the last nine months, aav have used the electrode desciabed by 
Jenks and Graybiel.® Controls shoAved tliat euiwes obtained AAdtli the 
three types of electrodes AA'cre identical. 

The amplitude of the various deflections in Lead IV aatis measured, 
using the leA'el of the curve just before the onset of the P-AA'aA"e as the zero 
leA’^el. In order to CAuiluate the effect of age on Lead lA', both the normals 

♦From the Heart Station. Micluiel Reese Hospital. 

tThis Avns (lo.'soribetl by P. IVtoia in Rev. ars’cnt, do cardiol. tli 20. 
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and the patients witli rheumatic heart disease were divided into five 
age o.roup.s, viz., (1) birth to 5 years, (2) 6 to 10 years, (3) 11 to 15 
years, (4) 16 to 20 years (adolescents), and (5) 21 years or over. 


RKsrr/j’.s 


]. yonnal children . — A summary of the findings in Lead IV, in the 
normal children and adolescents is assemhled in Table I. While the 


number of adolescents is small, the findings in this group fall inter- 


mediately between those of the adult and child grou])s. The range of 
findings in tliese norma! children is shoAvn in Pig. 1. 

The P-waA*e in Load JV from our .study ajp^ears to have the same 
contour range as in the adult excej)! that upright P-waves were more 
common. The amplitude of (^RS., (from its mo.st. negative to its most 
positive i)oint was on the average greater than in the adult. This was 
due to the fact that the average upright jfiia.se of QRSj was taller in the 


normal children than in the adults. 


Thc- 


Q 


R 


ratio (the ratio of amplitude 



Pig:. 1. — Sesnu'nt.w of typic.'il IV clecti-ocanliogrraios obtainoil fi-om normal 

cliilclren arrnng'etl from citvves witl: l.-'i-gro -jpi-igrht T-vrnves on the left to tlin.-^e -with 
inverted one.s on the rig:ht. The a' 4 es of children whose records are .sliown in segment.-; 
.4. to I are ly^, 3^4, S, llVlo 13, 10, 1.5, and 11 years, respectively. Two cycle.-; 

are shown in segment E to show cyclic variation in contour due to respiration. 
Discussion in text. 


of the negative to that of the upriglil plnuse of QRS.,) was therefore 
smaller in children than in the adults. The S-T^ level range in the.se 
childi-en was the same as in adults. 

The most striking deviation found, which is in accordance with the 
finding of Moia, IMa.ster. and others and of Rosenblum and Sampson, 
was in T^. In contrast with the normal adult groups previously re- 
ported by us, in which 4.h out of 50 individuals (98 per cent) showed 
inverted T^, in the group of normal children only 26 out of 61 (42 per 
cent) showed inverted T.,. In the others, T., was either diphasic (with 
the first phase upright) , polyphasic, or ujiright. T^ as high as 5 mm. was 
not. infrequent in the children. An insjiection of Table II wiU show that 
t.here is a definite correlation with age; the youngei- the individual, the 
more likely he is to have an upright T-wavc. The oldest child with an 
upright Tj was fourteen years of age. 

It follows from tins that an upright, diifiuisie, or polyphasic T.t in 
young children, contrary to the findings in adults, cannot by itself be 





SUMJtAUY OF jVPPEARANCE OF LE^VD IV IN NORMAL ADULTS, ADOLESCENTS, AND CHILDREN, AND IN CHILDREN WiTH EIIEUJIATIO HEART DISEASE 


90 


THK AAIERICAX HEART JOURNAL 




a 

o 


o 

o 

o 

lO 

ID 

O 

ID 

o 

o 



C5 

55 

M 


o 

r-H 

ci 

C3 

id 

cd 

cd 

cd 

cd 


s 


<5 

a 

+ 


1 

1 

r 

+ 

1 

+ 

1 

+ 

1 














•f 


> 

< 


-4.4 


-5.4 


-0.3 



-1.1 

+1.8 




a 














C5 

O 


O 

lO 

1.0 

o 

o 

O 

o 

o 

ID 

W 

> 

u: 


55 

■< 

a 

o 


Cl 

o 

rH 

1 

o 

i 

cd 

-i- 

ci 

i 

c5 

H- 

fd 

1 

















, 


Cl 




CO 



p 

CO 


W 


> 


rH 


rH 


o 



o 

o 





1 


1 


1 



i 

1 




a 










llD 




o 




CO 

CO 

rH 

o 

rH 

t- 

O 

o 

o 

5 ^ K 

>5 

I 



O 

o 

C? 

ci 

O 

rH 

O 

ci 


EH 

ft* o 

K 












P5 

d fc 














AV. 


1 


0.5 


O.o 



O 

0.4 



o ^ 

a 

C5 

o 


o 

c 

o 

o 

p 

p 

p 

o 

p 


ei -f 

O 

a 

id 



o 

t— 4 

1- 

h-^ 

id 

o 

d' 

o 





to 

rH 

cd 


ID 

r~ 

ID 

rH 

ID 

Eh 

'^!4 O 

si 












W 

< CH 

> 


lO 

d 


O 

to 


o 

cd 



p 

rH 

O 

C5 


o* 

J- ^ c* 

-< 


Oi 


(M 


Cl 



CO 

W 




a 

o 


o 

O 

O 

o 

O 

O 

o 

O 

O 



o 

ci 


fd 

ci 

rH 

cd 

o 

cd 

o 

CO 

o 

< 

a o 

pH O pA 

b « g 

o> 

^ 

a 

a 

-f- 


CO 

+ 

i-H 

+ 

Cl 

-f- 

+ 

t 

+ 

4 

+ 


tiT 

5 w p 

> 


iO 

c6 


O 

od 


o 

t-I 



p 

cd 

p 

rH 



o 

<- 






rH 



C3 

“r 

Cl 






+ 


+ 


+ 



+ 




a 

o 


o 

o 

o 

O 


o 

O 

o 

o 


c .• 

C5 



ci 

o 

o 

rH 

Cj 


ID 

rH 


Oh 

W 




r-< 


"7 


rH 


Cl 


Cl 


Z S M 
s ei 

a 

1 


1 

1 

; 

I 

1 

1 



£ O* 

w S 

r-l S 6- 



iO 


o 


lO 



o 

O 


<y 

> 


cc 


cd 


cd 



rH 

cd 






) 


j 


1 




j 




a 

o 


liO 

o 

lO 

IS 

ID 

o 

O 

io 

o 



o 




rH 

rH 

d 

rH 

ci 

d 

ci 

M 



55 

-t- 


1 


I 

+ 


+ 

\ 

+ 


Oh 














































o 


O 


o 



o 

o 


oT 


> 


o 

1 


o 


o 



c 

cd 



CO 




























o g 














o 



o 


lO 


r-- 



b- 

ID 



d £ 



iO 




CO 



rH 

Cl 



S; c 




















































*a 


























5 a 













o •- 













^ 5 a 













> o 













O 'H-, 








03 














•4-9 














d 

o 


a 














C3 










OT 







O 







rri 


O 

*o 


4— t 



tJD 

a 

a 

o 

tc 






a 


d 


















o 

m 






'a 


a 


a 



> 







a 


c 


s 



c; 

■4-3 






b 


c 


o 



r; 







55 


55 





>.4 




•All aniplltude measurements are in millimeters. Deflect.= deileotion 

,, , Neu. =:negative. 

Amp. = ampllt\iao . tTaken from the data of Katz and Kissin^ and Bohnlng and Katz“. 



TT a’invj, 


ROBINOW ET AL 


T-WAYE OP LEAD IV IN CHILDREN 


o 


D 

a 


W 

> 


M 


P 

O 


5? ^ 

S O 
5 ^ Eh 
<! 

pLi y 
a H- 

<§ 


P 

P 

> 

s 

M 


P J 

<o 

^'h ^ 

p “ 

o > 

*-H 


a 

k! 




a 

o 

<; 


a 

a 


i-i 00 


oa iri o 
w i-H ti 


lO LO 


irs o 




■; (M oc 

3 C-. 


Ct- O O 

d d d ^2 

, ^ I I Cq 


Ip 

o\ 


-•i o o 


Ip 


o o 

s* o o 

o 


Ip Cl Ct 

I I 1 


I cr . ^ Ip ip 
Cl O Ip (M I- 

i i 


CO o o 

^ -O <M* 12 S 


If- o o o 

^ rc r-i •* ts UI lO 

I 4- I 


M O 


o o iq __ 

T + T '•'=‘ * 


j ^ R R CO 
<1 r-l rH ir5 •H^ C5 

+ + I 


o o o 

ia d d CO F2 2! 

rn ^ ^ I **.) 'T' 


O O O 


-4- O CD C? 1^ ^ 

<1 ' " Cl o c4 o cc 
4- 4- ) 


, c: o o 


[2; rH d IP b 


rH O 



m 

t—* 

a 

P 

S*? 
2 *1^ 
C5 

" S 

■-M 

O cn 

O ° 

5:6 


O 


* 

Eh 

■4^*P 

u g 

Ph fe 


ca 


Cl 

. > 

ft o 

o o 
«!-«:- 
G ci 


G ^ 
« O 

® b: 


c " 

kJCt 


1 z G 

-S § C 

G •' — 

O r- 

JC 

-■2« 
p ? c 

r.i^ 

0-5 

c p. *,i 


d 
■— * 
ci 

rD g; 

0'2 G 
^ S tX) 
a ."oi ri 
gno 
o £ > 
^ c3 


C I 

o 


II 


per cent tAll amplitude measurements are in millimeters. 



92 


THE AMERICAN HEART JOURNAL 


taken as evidence of lieavt disease. Changes in QKS^ and S-T,j recog- 
nized as indicating abnormality in adults have the same significance in 
childhood. An upright P.^ in childhood is not uncommon. 

2. Rheumatic Heart Disease in Childhood — Value of Single Records . — 
With our analysis of normal children as a base we tried to interpret 
the findings in children with rheumatic heart disease. Tlie results of 
the measurements are summarized in Table I. In eases in which more 
than one curve was obtained in tire active stage, the curve used was the 
one taken when tlie patient showed the greatest degi’ee of activity. In 
tills analysis abnormalities in rhythm and in A-V and intraventricular 
conduction were ignored, attention being paid only to the contour and 
amplitude of the various deflections in Lead IV. 

No significant deviation in was noted in this series as compared 
with the normal controls. However, large P^ waves of long duration 
outside the normal range were found in patients with long-standing 
mitral stenosis; this was associated with large, broad, upright or diphasic 
P-waves in the standard three leads. No significant changes in the 
QKS .1 group were seen in this series except for disturbances in intra- 
ventricular conduction, viz., prolongation of QRS^ span, slurring and 
notching, and M- and W-shaped complexes. However, QRS^ complexes 
mainly up with only small Q^-waves (first negative phase of QRS^) were 
frequently encountered. S-T., deviations outside the noimal range 
occurred tm'ee in patients rvith long-standing rheumatic heart disease; 
both were elevated above the isoelectric level. In four patients deviations 
of the S-T, segment appeared onlj' in the acute stage; in three of these 
S-T^ was elevated; in one it was depressed 3.5 mm. (which is outside the 
normal limit of 2 mm. ) . 

While the appearance of T in Lead IV was not strikingly different in 
individual children with rheumatic fever from those in the normal con- 
trol group, upright, diphasic, and polyphasic T., -waves were more fre- 
quent in I’heumatie heart disease, especially i 2 ^ the active stage. This w'as 
true in all age groups as shown in Table II. The T-wave in Lead IV 
showed no peculiarities in rheumatic fever not seen in the normal control 
eliildi’en. 

From this analysis it would seem that in a single rccoi’d a tall and 
bi’oad P,, an absence of the Q,, (the first negative phase of QRS.,), devia- 
tions of S-T^ (more than 2 mm. below or any extent above the isoelectric 
line), prolonged span, marked notching, and triphasic appearance of 
QRS., are the only signs of disease of the heart to be obtained in child- 
hood from Lead IV. None of these al)normalities is specific for rheumatic 
fever. In contrast to the adult, the contour of the T-wave in Lead IV 
in a single record is apparently of no diagnostic value iii childhood, 

3. Rhcumaiic Heart DiseaseSerial Record.s.— Serial curves were ob- 
tained in twenty-four patients. While the series is small,. certain deduc- 
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tioiis seem justified. As the activity of the rheumatic infection sub- 
sided, there was a tendency for the first negative phase of QES., to 
• . . 0 ^ 

increase in depth; that is, the ratio increased. Tliis did not occur in 



Fig. 2. — ^Four-lead electrocardiograms obtained in an eleven-year-old boy with 
recurrence of acute rheumatic fever and evidence of an old mitral and aortic 
valvulitis. The acute attack started three weeks before curve A was obtained. Curve 
B was obtained a week later. The patient’s course was downhill, and he died thi-ee 
weeks after curve B was taken. Discussion in text. 

Pig. 3. — Four-lead electrocardiograms obtained in a thirteen-year-old girl with 
active rheumatic fever of several months’ duration, who showed congestive heart 
failure and pericardial effusion at the time curve A was taken. Curve B was taken 
two months later, patient being slightly improved. Patient was discharged, improved, 
one month later. Discussion in text. 

every instance ])ut sufficiently frequently to merit investigation in a 
larger series. 

S-T 4 deviations outside the normal range occurred three times in this 
series. In one patient (Fig. 2) the S-T deviated more from the normal 
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in later records. This was associated with a progressive hitraventricu- 
lar block ; the patient had a persistent septic temperature and died three 
weeks after the last record was taken. In a second patient the S-T 4 
deviation appeared three months after the onset of the active rheumatic 
fever and the patient died three weeks later. In the third patient (Fig. 
3) the S-T 4 deviation appeared during the active stage and disappeared 
in a later record taken after the patient had improved clinically. The 
S-T 4 deviation was, in this case, associated with S-T deviations in’ the 
standard leads. In the last two patients there was clinical evidence of 
pericardial effusion, and the changes were probably due to pericardial 
tamponade (Katz, Fell, and Scott'). 

As regards the T^-wave, the patients could be divided into three 
groups: G-rouii I (thirteen cases) had upright T 4 -waves during the 
acute stage of the rheumatic fever, and the T-waves became diphasic, 
polyphasic, or inverted as the patients showed clinical signs of im- 
provement (Figs. 4 and 5). In four of these the variation in contour 
was confined to Lead This is in accoi'd with the observations 

reported by Levj’’ and Bruenn.® In this group the inversion of the 
T-wave occurred early while the sedimentation rate was still rapid 
and the clinical signs of activity were definite. 

Group II (five eases) showed no change in T^ in the serial curves. 
Of these one had an upright T^; one had an inverted T^; and three 
had diphasic T^- waves. In these patients the standard leads were also 
nonnal and did not show any significant changes in the serial records. 
Three of these patients had evidence of active rheumatic heart disease in 
the form of vahmlar involvement. The other two had chorea ■\vith very 
mild rheumatic lieaii; disease. 

Group III (six cases) showed inverted or diphasic T^-waves in the 
active stage, and later the T-wave became upright. In all of these the 
standard leads were abnormal in some regard, and the contour in the 
successive records changed. Four of these patients showed progressive 
involvement of the heart and pex’sistent activity; two of these died. Two 
other patients in this group, however, showed signs of decreased actmty 
and clinical improvement (Fig. 6). 

Thus, wliile there is a fair degree of parallelism between the changes 
in the T 4 and the clinical course, certain discrepancies were present in 
several instances in Groups II and III. 

4. Normal Children — Serial Becords . — It was because of this dis- 
crepancy that we determined to investigate the constancy of Lead IV 
in normal children. In adults we (Bohning and Katz^) found that the 
contour of Lead is constant within narrow limits. In 20 children 
Lead TV was repeated from six to eight months after the first record; 
in 10 of these the second reeoi’d showed no significant deviatioxi from 
the first (Si, Fig. 7); in 7 the second record showed a more negative 
T 4 or a change from an upright to an inverted T,, (Sn, Fig. 7) ; in the 
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other 3 the second record showed a more upright or a change from 
an inverted to an upright (S 3 , Fig. 7). In some instances, as in So 
(Fig. 7), no change in QRS^ appeared; in others, as in S 3 (Fig, 7), 
QRS 4 was altered. 

Ax)parently then the T-wave in Lead lY is not as stable in normal 
children as in normal adults; nor is T as stable in Lead lY as in the 



Fig. 4. Fig, .5. F‘s- <5- 


Fig. 4. Four-lead electrocardiograms obtained in a nine-year-old boy -with a first 

attack’ of acute rheumatic fever. Curve A taken ten days after onset of sympt^s. 
Cur\’e I taken two and one-half months later with patient apparently recovered. Dis- 
cussion in text. 

Fig. 5. Four-lead electrocardiograms obtained in a four-and-one-half-year-old boy 

with a first attack of acute rheumatic fever. Cuia-e A taken four weeks after onset 
of symptoms. Curve I taken one month later witli patient apparently recovered. 
Discussion in text. 

Fig. 6. — Four-lead eletrocardiograms obtained in a two-and-one-half -year-old 
bov with a first attack of acute rheumatic fever. Cuiwe A obtained during acute 
stage; Curve J taken two months later with patient apparently, recovered. Discus- 
sion in text. 


standard three leads of the child. This must be considered in interpret- 
ing tlie effects of acute rheumatic fever and rheumatic heart disease 
on serial electrocardiograms in children. It helps to explain some of 
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the discrepancies between the clinical course and the changes noted 
above. It would seem, therefore, that even serial eleetrocardiogi-ams in 
children with rheumatic heart disease must be cautiously interpreted 
as evidence of progression or recovery. 

DISCUSSION OF FINDINGS, WHTH SOME FURTHER OBSERVATIONS 
AND THEORETICAL CONSIDERATIONS 

The explanation for the presence of upright T-waves in Lead lY in 
normal children must be sought in differences (1) in the position of the 
heart in the chest due to (a) shift in its anatomical long axis, (b) rota- 
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It is AveU laioTOi that the heart in children differs from the heart in 
adults in the sense that (a) the ratio of right ventricular weight to left 
ventricular weight is increased, especially in eaxly ehildliood, and 
moderate right axis shift of the electrocardiogram is more common, (b) 
the heart tends to lie more horizontallj’’, (e) the right ventricle forms 
more of the left half of precordial dullness and (d) may lie more 
intimately in contact with the anterior chest wall (Lincoln and Spillman,® 
Bakivin and Balnvin,’^® and Eoesler^^) . There is some evidence that these 
factors might cause the upright T. Thus, White^® reported that T^ was 
usually upright in cor pulmonale and the tetralogy of FaUot. In a 
series of seven adult patients which we have assembled vdth right axis 
shift due to vaiying types of heart disease such as cor pulmonale, mitral 
stenosis, congenital heart disease, or displacement of the heart to the right, 
T^ was upright only on occasion (Table III). On the other hand, in a 
scries of sixteen adults patients vdth left axis shift due to hypertension, 
rheumatic and syphilitic aortic insufficiency, and congenital heart disease, 

was inverted in all instances, provided patients with coronary sclerosis 
were excluded (Table III). In twent 5 '- of the normal children a direct 
correlation Avas made between T 4 and the axis deviation in the standard 
leads. Five of these tAventy normal childi’en shoAA-ed right axis deviation, 
and fifteen did not: 80 per cent of the children Avith right axis deviation 
had T.J upright AA'hile only 30 per cent of those Avithout right axis devia- 
tion had T 4 upright (Rosenblum and Sampson,^ lioweAmr, could obtain no 
such correlation in fifty children). This correlation together Avitli the 
observations in adults Avith right and left Amiitricular preponderance 
indicates that axis deviation to the right is an important factor — but not 
the onl.v one — responsible for the appearance of an upright T^ in normal 
children. 

EAudence in line Avith this is the fact that we have found that in the 
majority of normal adults, upright or diphasic T-Avaves are obtained 
Avhen the precordial lead is placed in the fourth interspace to the right 
instead of the left of the steimum (Table III). This is also the case 
usually in adults Avith right axis dcA-iation, but in those Avith marked left 
axis deviation the T-aaua^c aaIBi this precordial lead is negatiA^e (Table 
III). 

These obseiwations and others AAliich Ave Avill report in future com- 
munications led us to investigate the electrical field during the inscrip- 
tion of the T-Avave. 

As a start, AA^e took records Avith the distant electrode on the left leg 
and the precordial electrode in four different regions of the anterior 
chest located someuliat like those used by Kossmaiin and Johnston,^" ^ all 
in the fourth intercostal space, to Avit: (a) just to the right of the 
sternum, (b) just to tlie left of the sternum (the standard Lead W Ave 
employ), (c) in the left midclaAucular line, and (d) in the left anterior 
axillary line. Such records avc liaA'e now obtained in over 100 patients. 
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Table III 


Appearance of T in Various Precoudial Leads Using the IjEft Leg 
FOP- the Second Electrode 


ADULT 

OR 

CHILD 

PRECOKDIAL LEAD IN 4TH INTERSPACE 

TO RIGHT OF 

STERNUM 

TO LEFT OP 

STERNUM 

IN MID- 

CLAVICULAR 

LINE 

IN ANTERIOR 

AXILLARY 

LINE 

Normals 


A 

+2 

-9 

-7 

-A 

A 

-2 

-S 

-7 

~2 

A 

+2 

-5 A 

-61 

-11 

A 

-1, -1-2 

-9 

-13 

-31 

A 

4-2 }i 

-S 

-7 

-4 

A 

+2 

1 

-5 

0 

A 

-2, -fll. 

-5 

-5.5 

-1 

A 

-1, + 

— 4A 

-3 

-1.5 . 

A 

-1, -t-3 

-12 

—7 

-1.5 

A 

-1, +21 


-4 

! -2 

C ( 9 yr.) 

+31 

-4 

-G 

-4 

C (10 JT.) 

+3 

+1, -1 

-3 

-31 

C (10 yr.) 

+5 

~2A 

— 4A 


0(0 yr.) 

1 +4 

-2 

-4 

-3 

0 (11 yr.) 

t +2 

-6 

; -61 

-3 

0 ( 7 yr.) 

1 4-5 

1 +4 

1 

-2 

0 ( 9 yr.) 

+6 

i +2 

1 -2 

-5 


Right Ventricular Preponderance 


A 

+2 


-9 

+1 

A 

4-J 


-11 

-2 

A 

-11 


•I 2 

-1 

A 

+6 


+7 

+1 

A 

-4 

-4 

7 

z 

+5 

A 

+2 


-7 

+3 

A 

+1 


-5 

-3 

C ( 5 yr.) 

+8 


+3, -1 

-5 

C (15 yr.) 

4-4: A 


-2 

-1 

C ( 9 yr.) 

+6 



-5 

C (10 vr.) 

+S 

-G 

-12 

-5 A 

C (12 vr.) 

+3 

+1 

1 -1 

-61 

C (13 yr.) 

+2 

+11 

-1 

-1 

0 ( 8 JT.) 

+3 

4-2 

1 

-4 

Left Ventricular Preponderance 

A 

^0 1 

—5 

-7 

-1 

A 

-2 

-3 

-11 

441 

A 

-11 

-41 1 

-11 

4-1 A- 

.4 

-i' 

-3 1 

+1 

+1 

A 

o 

— .■) 

O 

+1 

+1 

A 


-3 

-1 

+11 

A 

-1 " 

-2 

i 4-A 

4-2A 

A 

-11 

-3 

+0 

+41 

A 

-10 

—7 

+13 

+5 

A 

-4 

-4 

-1 

4*1 A 

A 

-4 

*> 

+4 

4*2 

A 

-0 

-13 

J-4 

+io 

A 

-9 

-15 


+41 

A 

i -5 

-10 

-5 

+2 

A 

1 -3 

-G 


+G 

A 

—5 

-10 

o 

+41 
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For this stiid^ we have confined ourselves to an analysis of the height 
of the T-wave in normal adults and children and those shoAving right 
and left ventricular preponderance. The results are assembled in 
Table III, and the significant findings have already been referred to. 

It was obvious, after these data were assembled that too feAv iioints had 
been explored to give an adequate idea of the electrical field during the 
inscription , of T. In eleven individuals, therefore, a larger number of 
points were explored over the chest anteriorly and posteriorly. The sub- 
jects were kept in the reclining position while the precordial electrode was 
shifted, the other electrode being fixed on the left leg. A similar method 
has been used by Groedel and Koeld^ recently for the QRS complex. 
Both of these methods are an application of WaUer’s concept of the 
electrical field. The electroeardiogi-ams so obtained give the relative 
potential of the exploring electrode with respect to the leg and not the 
absolute potential. However, the leg electrode is placed so far from the 
heart that its potential changes during the inscription of T are not great. 
An inspection of some of the records reported by Wilson and his associ- 
ates^® purporting to give the absolute potential" of the leg shows the mag- 
nitude to be within 0.1 millivolt. In determining the potential, the 
height and direction of the T-wave were used. It is appreciated that 
the time of inscription of tliis point is not sjnichronous in the different 
preeordial leads employed. But this error is also of little significance 
for the use we intend in this report. While our method, for the reasons 
given, is to be considered only a first approximation, it nevertheless re- 
vealed definite information. More precise exploration of the electrical 
field for all phases of the heart cycle is in progress in this laboratory and 
will be reported at another time. 

The data obtained in several subjects are shown diagranunatically in 
Figs. 8 to 14. In Fig. 8 is shown the potential of various regions in a 
twenty-tlmee-year-old adult with normal standard leads and with a 
Lead IV well vdthin the mean of normal limits. The line defining the 
potential equal to that in the leg is clearly slionm. It is interesting 
that the line of “leg potential” runs eephalad in the midsternal line to 
the level of the third rib and then runs obliquely upward over to^vard 
the left arm, reaching its crest at the level of the second rib and then 
running obliquely domiward toward the back. In the back it descends 
somewhere along a line over the left scapular angle. In this subject the 
relatively negative potential (the height of the upright T-waves) was 
nowhere as great as the relatively positive potential (the depth of the 
negative T-waves), but the area in the chest occupied by the former was 
much greater. Furthermore, the lines of equipotential (equal T-wave 
amplitudes) are much closer over the sternum and precordium than 
elsewhere. 

In Fig. 9 is shown a similar analysis of a child aged nine and one- 
half years Avho had a negative T^: the electrical field during the peak . 


‘This idea of Wilson's has recently been seriously questioned by Storti.^® 





Fig-. 10. Fig. 11. 


Fig. 8. — Diagram sho-wing the magnitude of the T-wave in various spots on the 
chest (and in the two arms) as compared -vi'ith that of leg in a normal twenty-thrce- 
year-old man with a normal four-lead electrocardiogram. (+ indicates an upright and 
an inverted T-wave). Solid circles and solid figures are on anterior surface or 
anterior half of lateral surface of chest, open circles and dotted figures, on posterior 
surface or on posterior half of lateral surface of chest. Hea-vy line marks the 
course of potential during peak of T equivalent to that in leg, the so-called "leg 
potential" line. It is marked out as a solid line -when on anterior surface or anterior 
half of lateral surface and is marked out as a dotted line -when on posterior surface 
or posterior half of lateral surface of chest Discussion in text 

Fig. 9. — Diagi'am sho-sving the magnitude of the T-wave in various spots on the 
chest (and in the two arms) as compared with that of a leg in a normal ninc-and- 
one-haif-year-old child with T» inverted. Conventions as in Fig. 8. Discussion in text 
Fig. 10. — Diagram showing the magnitude of the T-wavc' in v.arious spots on the 
chest (and in the two arms) as compared wdUi that of a leg in a normal nine-year-old 
child with Tj upright Conventions as in Fig. 8. Discussion in text. 

Fig. 11. — Diagram .showing the magnitude of the T-wave in various spots on the 
chest (and in tlie two arms) as compared with that of a leg in a flfty-.si.x-year-old man 
with marked left -ventricular preponderance. Conventions as in Fig. S. Di.scu.s.sIon 
in text 
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Pis’. 14. 


Fig. 12. — Diagram sliowing the magnitude of tlie T-wave in various spots on the 
chest (and in the two arms) as compared with that of a leg in a forty-eight-year-old 
man with right ventricular preponderance. Conventions as in Pig. 8. Discussion 
in text. 

Pig. 13. — ^Diagram showing the magnitude of the T-wave in various spots on the 
chest (and in the two arms) as compared with that of a leg in a forty-six-year-old 
woman with right ventricular preponderance. Conventions as in Pig. 8. Discussion in 
text. 

Pig. 14. — Diagi’am showing the magnitude of the T-wave in various spots on the 
chest (and in the two arms) as compared with that of a leg in a flfty-year-old man 
.with congenital heart disease, having QHS inverted in all three of the standard leads. 
Conventions as in Pig. 8. Discussion in text. 
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of T and the line of “leg potential” was practically, though not ab- 
solutely, the same as in the preceding adult. In Fig. 10 is shown a 
similar analysis of one child aged nine years who had a positive T^. It 
ivill be seen that more of the chest points have upright T-waves than 
are shown in the preceding two charts and that the line of “leg 
potential” does not rise as high on the chest as in the preceding sub- 
jects. In a second child aged seven years who had a positive T 4 , the 
line of “leg potential” had shifted to the left anterior axillary line 
and went as high as the second interspace. Unfortunately the iioste- 
I’ior pai’t of the chest in this child had not been explored, hut the 
T-wave was upright over the entire chest anteriorly. 

In both patients with left ventricular preponderance, the T-wave was 
negative over the anterior chest wall and positive over the lateral and 
posterior w^alls. The line of “leg potential” w'as near both lateral walls 
of the chest and crossed high up on the chest anteriorly (Pig. 11). In 
right ventricular preponderance, of which we have analyzed two cases 
with, and two wdthout congenital heart defects, the area over which 
negative T-wmves are obtained was markedly reduced (Pigs. 12 and 
13), but in each the line of “leg potential” took a different course. 

The changes described in these conditions might all be conceived as 
simply being due to a complex rotation of the resultant vector set up 
in the heart. That this simple concept cannot suffice is shown by the 
fact that exploration of the field in a fifty-year-old subject with con- 
genital heart disease having inverted QKS complexes in the standard 
three leads showed a very complex arrangement of the line of “leg 
potential” (Pig. 14). In viewing the chest at most horizontal levels, 
four lines of “leg potential” are seen separating areas having positive, 
from those having negative, T-waves. This observation, however, w^ould 
fit -with the concept promulgated in this laboratoiy (Katz and Korey^O 
that the electrical field is deteimined in large part by the nature of the 
electrical conductors in contact with the heart. According to the study 
upon which tliis concept was based, the lungs are poor electrical con- 
ductors while the posteidor paravertebral muscle mass, the diaphragm, 
and the anterior chest wall where lung is absent are the good conductors. 
Thus in this patient with congenital heart disease it would seem tliat 
the currents set up from the posterior good conductors and those set up 
from the diaphragm and anterior chest wall interfere wnth each other 
so that the result might be regarded as similar to the action of tw'o 
bipoles not in line. Investigations are in progress to see whether tliis 
holds also in other conditions. At present we can say that there is no 
evidence opposed to the idea that the electrical field in all cases is the 
re.sultant of currents spreading in the body from various regions of 
the heart in contact with good conductors. When the position of the 
heart is altered in relation to these good and poor electrical conductors 
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and when t lie position in tiiesc ^ood and poor electrical conductors in 
ilie chest is allcred. Ihc wJiolc electrical field is changed. The effect 

Avonld be more marked over the chest since the lines of equipotential are 
closer together than in the extremities. 

Ihe division of ehildimi into those liaviug a negative T-wave and 
those Avith a positive T-ivai-e in Lead IV fits the clinical and x-raj ob- 
servations that children can be divided into those with “pnerile” and 
those vith adult chests, and that tlie adult tiqie of chest occurs as 
early a.s four years.^'^ It is thus possible in children to have the line of 


‘*leg potentiar* imn anteriorly anywhere from the middle of the sternum 
to the left antci'ior axillary line and have the crest at any leiml. The 
variation.s of T., in difd'rent normal children can be explained on the 
variable degree of transition from the ‘‘puerile” to the “adult” chest 
type. , 


The variability of T. contour in successive records of the same child 
is also to be accounted for on the basis that the line of “leg potential” 
is clo.se to the position of ihc prccordial electrode ordinarily used in 
licad IV and that the linos of equipotential are close together in this 
locality. Comsequently the olcclrical field could be altered sufficiently 
by changes in the position (.f the heart such as might result from shifts 
in the diajthrngm because of gas or food in the gastrointestinal tract, or 
miglit re.sult from small dift’ercnces in posture of the body Avhen the 
several records Avere taken. Since the heart in the child is more mobile 
than in the adult, such eliangcs in T., arc more to he expected in chil- 
dren than in adults, Ec.spii'atory changes of Tj in children are Amiy 
common, and arc more marked than in adults. 

The contour of T., in acute j'heumatic heart disease is determined not 
only ])y the factors eniimcrafcd above for the normal children bnt also 
by two other factors. The first is the result of the active infection of 
tbe myocardium. In rare instances it may be the rc.sult of pericarditis 
Avitli effusion or still more rarely of coronary endarteritis Avith resultant 
local areas of myocardial ischemia. The second is the result of long- 
standing inA'olvomciit of the heart, cither the result of the myocaidial 
damage'^or of changes in heart size, shape, and position Avhich cardiac 
dilatation and the a.ssociatcd mitral and aortic vahmlar deformities may 
have led to. The changes due to the active process tend to disappear 
Avhen the activity of the infection subsides and are progressive if the 
acute proee.ss adAmnccs. The changes due to the chronic damage persist 
after the actiA'C .stage has disappeared and change but sloAvly. 

The onl}’- clinical problem in rheumatic heart disease as far as Lead IV, 
is concerned is to differentiate changes due to the rheumatic process from 
those Avhich are normal in childhood and to determine Avhether changes 
ill sncccssivc records arc CA’^idciice of changes in the rheumatic process 
j-j-g cifccts or are normal variations to he encoiinteied in cliildieii. 
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SUMMARY AND CONCLUSIONS 

1. Upright diphasic or polyphasie T-waves in Lead IV are common 
in normal children, especially in the younger age groups. 

2. The contour of Lead W in normal children may alter considerably 
when curves are repeated a few months apart. 

3. Children with active rheumatic heart disease show a higher per- 
centage of upright T-waves in Lead IV than do normal children of the 
same age. The T-wave tends to become inverted when recovery from 
the acute stage sets in and tends to become more upright when the dis- 
ease process becomes aggravated. However, exceptions to these correla- 
tions are not uncommon. 

4. An analysis was made of the factors which may be responsible 
for the differences in the T-wave of Lead IV between children and 
adults, as well as between normal children and children with rheumatic 
heart disease. 

5. The electrical field at the surface of the body during the inscrip- 
tion of the T-wave was examined in a variety of conditions, with the 
result that a new view concerning the causes and significance of the 
upright and inverted T-waves in precordial leads was revealed. 

6. As a result of the present study, it is concluded that the practical 
value of Lead W in children suffering from rheumatic heart disease is 
definitely limited. Single records in individual cases add no valuable 
information, and serial curves supply data which may be suggestive and 
are only confirmatory to that obtained from the ordinary standard three 
leads. 

We are indebted to the medical stall of the Sarah Morris Hospital for Children 
and of the Children’s Cardiac and Pediatric Clinics in Mandel Clinic for their 
courtesy in permitting us to study their patients. The assistance of Dr. H. Wachtel is 
acknowledged. 
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thro:mbo-angiitis obliterans in women 

Report of a Case’"‘ 

Wallace E. Herrell, M.D., and Edgar V, Allen, M.D. 

Rochester, Minn. 

' j 'JIROj\rBO-ANGUTJS ohUtevnns rarely affects women. The reason 
for this is ohseurc. In view of what is Imovni about the relationship 
of smoking to thrombo-angiitis obliterans, it is easy to assume that the 
smaller incidence of this vascular disease among women is due to the fact 
lliat fewer women ai-e smokers. Acceptance of this explanation would 
need to he based on data indicating that the ratio of the number of men 
smokers to women smokers approaches the ratio of the number of men 
with thrombo-angiitis obliterans to the number of women with this 
disease. 

We have studied the records of 200 women betiveen the ages of thirty 
and fifty years who were examined consecutively at the Jlayo Clinic in 
1935. Twenty-four of these women (12 per cent) smoked tobacco. In 
a comparable study of the records of 200 men, 140 (70 per cent) were 
smokci’S. This agrees closelj" with the results of Barker’s study in 1931,^ 
who found that 69.2 per cent of men were smokers. Barker’s study 
likewi.se showed that, of 350 male patients with thrombo-angiitis obliter- 
ans, four, or 1.1 per cent, were nonsmokers. The ratio of men smokers 
to women smokers in onr series of patients witliont thrombo-angiitis 
obliterans is approximately 6:1 (140 men to 24 women). This ratio is 
much smaller than that of men with thrombo-angiitis obliterans to women 
noth thrombo-angiitis obliterans, which, according to various authors, 
is from 70 :1 to 500 :1, It appears, therefore, that tobacco smoking does 
not explain the differential sex incidence of thrombo-angiitis obliterans. 
The time element in smoking, however, may be important. It is probable 
that the w'omen in onr. series had not smoked tobacco as long as liad the 
men. If the smoking of tobacco is the sole etiological factor in thrombo- 
angiitis obliterans, it is safe to predict that Muthin the next few decades 
many more women with thrombo-angiitis obliterans ivill be observed and 
that the ratio of women with this disease to men with the disease should 
approach the ratio of women smokers without thrombo-angiitis obliterans 
to men smokers without the disease, which is about 1 :6 at the present. 

Worthy of note in attempting to explain the difference in incidence of 
thrombo-angiitis obliterans in the sexes is the experimental work of 

•JTrorn the Division of Medicine, The 3VI<iyo Clinic, Rochester, Minn, 
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McGrath.- Female rats were poisoned with ergotamine until gangrene of 
the tail occurred. If theelin were injected into these animals, the same 
amounts of ergotamine did not cause gangreiic. Tlieelin did not, how- 
ever, protect male rats from ei*gotamine-induced gangrene. 

In 1932 Hoihon and BrowoF collected from the literature seven cases 
of thromho-angiitis obliterans affecting women, and thej' presented at 
that time ten additional cases from a series of 700 eases of thrombo- 
angiitis obliterans observed at the clinic. We agree with Horton and 
Browai that only Cases 1, 2, and 3, of those which they collected from 
the litei’ature, are acceptable. Two of these three eases were reported 
by Buerger^ in 1924, the other was rejiorted by Meleney and Miller''' in 
1925. Cases revicAved by Horton and Browm Avhicli were reported 
earlier by Koyano,*' by Telford and Stopford,'^ by Trabaud and Chaty,® 
and by Trabaud and Mredden® do not, in our opinion as Avell as that 
of Horton and Brown, fulfill the minimal requirements for the diag- 
nosis of thromho-angiitis obliterans. The data given by Dhrcld® in 1930, 
in his report of a ease of thromho-angiitis obliterans affecting a wmman, 
are entirely inadequate for such a diagnosis. The case seems to have 
been only one of superficial phlebitis, affecting a Jewess twenty-seven 
years old, w'ho used tobacco excessively. Of tlie ten cases reported from 
the clinic by Horton and BroAvn in 1932, in some, all of the characteristics 
of the disease, as it is encountered in men, were present. In 1935, 
Silbert^’- reported two cases of thrombo-angiitis obliterans affecting 
women. His first case, hoAvever, is an example of unilateral occlusive 
arterial disease suggesting arterial embolism. 

The total number of cases reported as thrombo-angiitis obliterans af- 
fecting Avomen is tAventy. In scAmral instances the authors themseh’^es 
repoided uncertainty regarding tlie diagnosis. We are adding tlie folloAV- 
ing case AAdiieh impresses us as being unquestionably an example of 
thrombo-angiitis obliterans affecting a Avoman. This is the first case 
obseiwed at the clinic since the repoid of Horton and BroAvn. In addi- 
tion, tAVo questionable cases have been observed here. During the in- 
teiwening time approximately 350 cases of thrombo-angiitis obliterans 
liave been observed. 

REPORT OF CASE 

A Scandinavian woman, forty-one years old, was admitted to the clinic in 
September, 1935. There was no family history of vascular disease. She had had 
typhoid fever at the age of four years, frequent attacks of tonsillitis until she 
was twenty-five, and at the age of nine years rlieumatie fever, wliich had confined 
her to bed for four months. She had smoked from ten to fifteen cigarets daily 
for ten years prior to her admission. In the two years before admission she had 
noted coldness of the distal half of the left leg and of the left foot and toes. As 
a result of exposure to cold, the distal half of the left foot and the toes had in 
turn become pale, cyanotic, and red. Associated with these vasomotor disturbances 
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Bumbucss and aching pain had occurred. Even getting from bed onto a cold floor 
nidiiccd changes m color; ns a residt, the patient iiad learned to put on lier shoe.s 
before getting out of bed. In tlio six inomlis prior to admission rvalldng from 
four to SLX bloehs had produced aching j)aiu in the distal half of the left foot 
and calf of the left leg: this necessitated rest, ■svliieli had produced relief in a few 
minutes. Because of such pain the patient had almost entirely discontinued ■walk' 
ing. For a year the first toe of tiie right foot had been numb and at times quite 
cold; also, the vasomotor changes just described had involved the tliird Anger of 
the loft hand, which ached after exposure to ice or cold and was numb at times even 
without exj'O.sure, The skin of tlie dorsal portion of the left foot and toes had 
cracked and iiceled a few weeks before admission. 

On physical examination the patient looked well; she was 63 inches (160 cm.) 
tall and wcigiied Hd pounds ((if.i kg.). The blood pressure in millimeters of 
mercury ivas 3.36 systolic and SO diastolic. General examination gave negative 
results except for indicating the pre.^enco of a left Horner’s syndrome, whieli had 
Iteon present since childbirth nineteen years before. 

Examination of the arteries for pulsations^ revealed tbc following: right and 
left femoral and right and loft ])opliteal, grade 4; right dorsalis pedis, 1; left 
dorsalis jiedis, 0; right po.sterior tihial, il: left posterior tibial, 0; right ulnar, 4; 
left ulnar, 0; right radial. 4; and left radial, 4 (Table I), The compression test 
deviled by Alleni- was positive for the left ulnar artery. Elevation of the left 
foot jtrodneed pallor, grade 3, and lowering caused rubor, grade 3; the color re- 
turned slowly. I'liere was marked decrease in the angle of eirculatoiy efficiency. 
An area of superficial phk‘biti.s was present on the doi'.sum of the left foot. 

Koontgenograms of the left foot and leg revealed a few small phleboliths at the 
level of the middle third of the tibia. Routine laboratory studies, including a 
serological test for .syphilis, determination of hemoglobin, enumeration of the 
erythrocAdes and leucocytes, and urinalysis, gave negative results. A diagnosis of 
thrombo-angiiti.s obliterans was made. 


T.VBLE I 

Pci.sATiox.s IX Peripiieual Arteries* 


ARTER.A’- 

RIGHT 

EEFr 

Femoral 

4 

4 

Popliteal 

4 j 

4 

Dorsalis pedi.s 

1 

0 

Po.sterior tibial 

2 

0 

Ulnar 

4 

0 

Radial 

4 

1 4 


*4 represents normal pulsation ; 0, complete absence of pulsations. 


COMAIENT 

Tlie ag-e of onset of symptoms, the presence of ratlier cliaraeteristic 
Amsomotof disturbances and tA^ical intermittent claudication, the oc- 
clusion of the large arteiics, the presence of superficial phlebitis, the 
absence of demonstrable selei'osis, and the apparently iirogTcssive na- 
ture of this condition, leave no doubt concerning tlie clinical diagnosis of 
tlirombo-ang’iitis obliterans. The use of smoking tobacco is suppoitiA’^e 
eAudence for the diagnosis. 

‘Graded from 0 to 4 ; 4 denotes normal pulsations and 0 denotes complete absence 
of pulsations. 


108 


THE AMERICAN HEART JOURNAL 


REFERENCES 

1. Barker, N. W. : The Tobacco Factor in Thrombo-angiitis Obliterans, Proc. 

Staff Meet., Mayo Clin. 6; Go, 1931. 

2. McGrath, E. J.: Experimental Peripheral Gangrene, J. A. M. A. 105: 854, 1935. 

3. Horton, B. T., and Brown, G. E. : Thrombo-angiitis Obliterans Among Women, 

Arch. Int. Med. 50: 884, 1932. 

4. Buerger, Leo: The Cireulatoiw Disturbances of the Extremities Including 

Gangrene, Vasomotor, and Tropliic Disorders, Philadelphia, 1924, W. B. 
Saunders Company. 

5. Meleney, F. L., and Miller, G. G. : A Contribution to the Study of Thrombo- 

angiitis Obliterans, Ann. Surg. 81: 97G, 1925. 

6. Koyano, K. ; A Clinical Study of 120 Cases of Thrombo-angiitis Obliterans 

Among the Japanese, Acta scholae med. univ. imp. in Kioto 4: 4S9, 1921- 
1922. 

7. Telford, E. D., and Stopford, J. S. B.: Two Cases of Thombo-angiitis Obliterans 

in Women, Brit. M. J. 1: 1140, 1927. 

8. Trabaud, J., and Chaty, Choukat: Etude mieroseopique des lesions dans un 

cas de nialadic de Leo Buerger chez une femme musulmane. Bull, et mem. 
Soc. med. d. hop. de Paris 47: 583, 1931, 

9. Trabaud, J., and Mredden: Maladie de Leo Buerger chez une jeune fille 

musulmane. Bull, et mem. Soc. med. d. hop. de Paris 47: 579, 1931. 

10. Diirck, Hermann: Die sogenanntc “Thromboangiitis obliterans” im-Rahmen 

der Infektiostoxisehen GefaSEentziindungen, Verhandl. d. deutsch. path 
Gesellsch. 25: 272, 1930. 

11. Silbert, Samuel: Thrombo-angiitis Obliterans in Women: Report of Two Cases, 

Ann. Surg. 101: 324, 1935. 

12. Allen, E. V.: Thrombo-angiitis Obliterans: Methods of Diagnosis of Chronic 

Occlusive Arterial Lesions Distal to the Wrist, Am. J. M. Sc. 178; 237, 
1929. 



FATAL DIGITALIS POISONING OCCURRING IN A NORMAL 

INDIVIDUAL^ 

Johnson McGuire, i\I.D., and Calvus E. Richards, M.D. 

Cincinnati, Ohio 

purpose of this report is to describe a case of fatal digitalis 
poisoning in a normal individual. The electrocardiogram of this 
patient presents alterations which will be described in detail. It is 
hoped that comparison of these changes with the electrocardiograiihie 
alterations resulting from therapeutic doses may be of value in pre- 
venting overdosage of digitalis. 

. WiUiam Withering^ in 1785 reported that very large doses of digitalis 
caused slow pulse, green or 3 'elloAV vision, convulsions, sjTicope, and 
death. 

CohiU in 1915 described electrocardiographic changes associated with 
digitalis therapj’’ wdiieh developed in the T-wave in individuals with ‘ ' an 
earl}’- rather than advanced stage of heart disease. ’ ’ These changes con- 
sisted of loAvered amplitude of the T-w'aves, first in Lead III, later in 
Lead II. In some instances the T-waves became diphasic. 

Wliite® administered from 2.0 to 3.0 gm. of digitalis leaves to five 
nomal young adults. The amplitude of T, especially in Lead II, was 
decreased, and later the P-R interval was increased. 

Berger^ reported a patient with mild rheumatic heart disease who 
received approximately 64 gm. of digitalis in a month. The patient de- 
veloped nausea, vomiting, yellow vision, electrocardiographic signs of 
‘Goo much digitalis” (i.e., partial A-V block, depressed S-T segments 
in Leads I and II), and died suddenlj'. 

Human fatalities resulting from strophanthin are summarized by 
Robinson.^ SollmamU reported that 2.5 gm. taken at one dose proved 
fatal. Levine and Cunningham^ studied digitalis toxicity in cats and 
concluded that the margin of safety (the difference between the per- 
centage causing death and that responsible for the earliest evidence of 
toxicity) averaged 48 per cent. It must be remembered that these in- 
vestigators were studjdng animals with normal hearts. Lewis stated 
that he has seen more than one instance of avoidable death wdiich re- 
sulted from failure to withdraw digitalis w4ien “excessive slowing or 
coupling occurred.” 'White^ warns that a considerable percentage of 
lothal dose has been given wlien the electioeaidiogiam ic\cals ex- 
cessive inversion of the T-wave and S-T segment, prolongation of the 
P-R interval, intraventricular block, bigeminal rhjfflira, or ventricular 

tachycardia. 

*FmTn Denartment of Internal Medlclno, University of Cincinnati and the 

Medical Clinic, Cincinnati General Hospital. 
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Ciishny^^’ lias described the toxic manifestations of excessive 
digitalis administration in animals. There was an initial rise of arterial 
blood pressure followed by a pronounced fall, and a variety of ar- 
rythmias developed. Other toxic manifestations were marked depres- 
sion of the respiratory center, muscular wealaiess, and visual dis- 
turbances, probably of central nervous system origin, and finally ventric- 
ular fibrillation was followed by marked ventricular dilatation and 
cardiac standstill. 


CASE REPORT 

The present report concerns a woman, thirty-one years old (Case No. 48529), who 
was admitted to the hospital three hours after taking the entire contents (about 300 
grains) of a 6-8 oz. bottle of tincture of digitalis for suicidal purposes while acutely 
intoxicated. 



i 1 1 1 l.l I M t I I 

Lead I 



Le^d Z 



F'iS. 1. — Complete A-V dlssooiation ; auricular rate 170; ventricular rate 60 to 70; 
marked depression of S-T segments in Heads I and II. Inversion of T~waves. 

The patient’s earlier history was entirely normal. The digitalis had been recently 
purchased by' her fatlier who presumably had heart disease. Three hours after 
taking the digitalis she became nauseated, vomited a greenish material, and was 
brought to the hospital. Gastric lavage with tannic acid was carried out, and 
apomorphine, gr. %o, was administered. 

On admission she was semistuporous. Temperature 101.4° F. (rectal), respira- 
tions 24, pulse 124, blood pressure 120/75. The pupils were equal, regular and 
reacted to light and accommodation; the tongue was covered with green coating. 
The neck showed no venous distention. The admitting physician stated that the 
cardiac rhythm was absolutely regular but that there was marked variation of the 
intensity^ of the heart sounds, runs of loud beats were followed by' runs of distant, 
muffled beats. The reflexes were diminished (alcohol?). 

Nine hours later when examined by' one of ns the pulse was grossly irregular, and 
there was coincident absence of heart sounds in the absence of the radial pulse. The 
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heart was of normal size on percussion. No murmurs were heard. The blood pressure 
was 120/50. The clinical diagnosis of partial heart -block was confirmed by an electro- 
cardiagjam. 

The patient continued to be nauseated and vomited frequently, remained semi- 
stuporous, and did not respond to stimulants (caffeine, atropine and adrenalin). The 
pulse disappeared in twelve hours and continued to be imperceptible. The heart 
sounds were distant and of varj-ing intensity. The respirations were slow and 
irregular. During the twelfth hour the patient had two mild convulsive seizures j 
respirations ceased; cyanosis increased but heart action continued irregularly. 
Artificial respiration was given for five minutes; during tliis time the heart sounds 
could be heard ; and the heart rate was accelerated by intracardiac adrenalin. Death 
occurred from respiratory failure. 

Dnfoitunatehq permission for autop.sy could not be obtained. 

The electrocardiogram is reproduced in Fig. 1, and shows an auricu- 
lar rate of 170 Vvith complete auriculoventricular dissociation, the ven- 
tricular rate averag-ing 66 per minute. The S-T segment take-olf is 
couspieiiousty low in Leads I and II and is depressed in Lead III. Thus, 
there is no reciprocal relatiomship between Leads I and III as is fre- 
quently encountered in coronary occlusion. The negative T-waves arc 
merged vdth the S-T segment. As the maximum effect on the T-waves 
usually occurs about six hours after any one dose of digitalis (Pardee^^), 
the changes in this record are probably maximum. However, the sig- 
nificant and unusual change is the very low- take-off of the S-T seg- 
ments. 

DISCUSSION 

As far as we can ascertain, this is the first recorded electrocardiogram 
in fatal digitalis intoxication in a normal individual. The auricular 
rate of 170, with an idioventricular rate of 60 or 70 in the pre.sence of 
complete heart-block, is unusual. This is of especial interest as it is gen- 
erally thought that large doses of digitalis produce bradj^cardia. 

The nausea, the vomiting, and the respiratoiy character of death ap- 
peared to be related to the “central'’ action of digitalis on the nervous 
system rather than to peripheral action on the heart itself. Of especial 
interest was the period of apparent clinical improvement four hours 
before death and the modus exitus with respiratoiy failure. 


SUMJI^VRY 

Death from respiratoiy failure occurred in a normal individual 
tivelve hours after the ingestion of approximately 300 grains of digitalis. 
Auricular tachycardia, A-V block, and marked depression of S-T seg- 
ments were show electroeardiographically. 
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Schade, H.: The Transmission of Pulsations from Arteries to Veins and Its 

Bearing on the Circulation of Blood, Ztsehr. f. Kreislaufforscli. 28: 144, 1936. 

This report, compiled postlumioiis by 0. Hepp, is based on extensive studies of 
animals and models. Work on models demonstrated that the efficacy of the transfer 
of the pulsation from arteries to veins increases as the arterial pulse amplitude and 
the pulse frequency are increased until optimum values are readied. 

Animal experiments and roentgenological studies in man demonstrated pulsatory 
fluctuations in blood velocitv’ in the peripheral veins. These ivere sjmchronous Avith 
the arterial pulse. In the presence of functionally efficient venous valves, these 
pulsations in the veins cause an effective acceleration of flow toward the heart. 
Changes in tone of tlie veins and in the degree of extravascular support offer an 
automatic regulation of tlie transmission of the pulsations from the arteries to the 
veins. Eecords of peripheral venous pulsations were obtained with a special 
sphygmoginph which excluded the possibility of retrograde transmission from the 
heart. These peripheral venous pulses were of relatively small amplitude. 

L. N. K. 

Palme, F.: Action of Adrenalin on the Carotid Sinus. Ztsehr. f. Kreislaufforsch. 

28: 173, 1936. 

Topical application of 1 :1,000 adrenalin solution to the exijosed carotid sinus 
of the rabbit caused a protracted hypertension. 

L. isr. K. 

Walter, J.: Effect of Calcium on Adrenalin Reaction. Arch. di. sc. biol. 38: 

300, 1935. 

Experiments were conducted on perfusion of the isolated rabbit’s ear and 
frog’s limb. The normal calcium chloride content of the perfusing fluid was 
0.2 per cent for the rabbit and 0.1 per cent for the frog. A fourfold increase 
in the calcium caused vasoconstriction; absence of calcium caused vasodilation; 
and subsequent restoration of calcium, marked vasoconstriction. A decrease in 
the calcium reduced the normal vasoconstrictor re.sponse to adrenalin (1 to 10 
million for the rabbit, 1 to 5 million for the frog). Increased calcium content 
had a different effect in the two cases. 

E. A. 

Smith, Dietrich 0,, and Mulder, Arthur G.: The Effect of Accelerator Nerve 

Stimulation and of Adrenalin on Recovery From Ventricular Fibrillation in 

the Cat. Am. J. Ph 5 -siol. 115: 507, 1936. 

In cats spontaneous recovery from ventricular fibrillation following faradiza- 
tion of the ventricles occurs in the large majority of animals. 

Evidence is presented to show that the time of fibrillation varies directly with the 
weight of the cat (size of the heart). 
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Stimulation of the accelerator nerves during ventricular fibrillation in the cat 
shortens the duration of the fibrillation. 

While tlie heart is under the influence of adrenalin^ recovery from fibrillation 
following faradization of the ventricles is instantaneous. 

Author. 

Nicolai, L., and Hantschmann, L.: On the Stereostethoscope. Klin. Wchnschr. 
15: 91, 193G. 

The stereostethoscope differs from the common model in that it has two stetho- 
scope receivers, one leading to eacli ear. In ausculting murmurs which arc difficult 
to locate, the relative intensity of the murmur heard in each ear gives an idea of 
the place of origin of the sound. Clinical trial with heart murmurs and pulmonary 
r-ales have proved useful in helping to locate the origin of these sounds. 

E. K. 

Duomarco, J.: Relationship of Mean Arterial and Intraventricular Pressure to 
Cardiac Output. Compt. rend. Soc. de biol. 121: 553, 1936. 

The ratio of the intraventricular mean pressure to the mean arterial pressure is a 
criterion of cardiac efficiency. When this value is greater tlian 0.5, it may be due 
to limitation of ventricxilar distention by pericardium, by excesses of work, or by in- 
jury. 

E. A. 


Sigler, Louis H.; Purther Observations on the Carotid Sinus Reflex. Ann. Int. 
Med. 9: 1380, 1936. 

Slowing of the heart induced by the carotid sinus reflex was studied in 426 cases, 
which were divided into seven groups: (1) arteriosclerotic heart disease; (2) hyper- 
tension and hypertensive heart disease; (3) arteriosclerotic and hyperten.sive heart 
disease; (4) rheumatic heart disease; (5) psychoneurotic heart disease; (6) other 
forms of heart disease or disturbances; and (7) general constitutional disturbances. 
Various conditions arranged in order of greatest frequency' and degree of slowing 
induced by the carotid sinus reflex follow: arteriosclerotic and hypertensive heart 
disease, rheumatic heart disease, general constitutional disease, psy’clioneurotic and 
miscellaneous heart disease. Hypertension seems to increase the frequency but 
diminish the degree of the carotid sinus reflex. The cardio-inhibitory reflex appears 
to depend on a constitutional vagotonic tendency', which is more marked among 
males and develops with advancing age. General toxic or irritative states, endocrine 
factors, intracarotid blood pressuru, and local disease, or disturbances in the lieart 
itself seem to play a part in sensitizing the reflex. 

Author. 

Wright, Irving S., and Lilienfeld, Alfred: The Pharmacological and Therapeutic 
Properties of Crystalline Vitamin C (Cevitamic Acid) With Especial Reference 
to Its Effects on the Capillary Fragility. Arch. Int. Sled. 37: 241, 1936. 

After a preliminary review of the nature and properties of crystalline vitamin 
C (cevitamic acid), with a brief discussion of some of the therapeutic claims made 
for the substance, the authors give their experience with cevitamic acid, particularly 
in the treatment of certain of the hemorrhagic diseases. As an aid to the diagnosis 
of vitamin C malnutrition, the authors describe a capillary fragility test which is 
a modification of the tourniquet test performed under standard conditions. With 
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tliis technic a normal result shows not more than ten petechiae within a delimited 
area of skin. Ten to twenty is a marginal zone, and a count above twenty appears to 
be definitely abnormal. 

The authors feel that a history of scanty vitamin C intake, together with an 
increased capillary fragility, which decreases definitely on the administration of 
vitamin C, is fail’ presumptive evidence of vitamin 0 malnutzition. Cevitamic acid 
was found to be of great value in clinical and " subclinical ’ ' scurvy, and ap- 
parently of no value in thrombocytopenic purpura and hemophilia. 

Author. 

Kayser, G., and Weber, A. : Registration of Heart Sounds and Their Reproduction 
by Means of the Phototone Technic, irunchen. med. Wclmschr. 82: 1032, 1.035. 

Heart sounds are recorded on moving film bj' means of a microphone. They 
can be reproduced by running the film past a photoelectric cell which is connected 
through an amplifier with a loud-speaker or ear phone. This method is rmluable for 
teaching purposes and permits the combination of auditory and visual examination 
of tile heart sounds. When tiie sounds are recorded simultaneously with the electro- 
cardiogram, it permits better timing of murmurs, a clearer interpretation of the tj^e 
of third heart sound or gallop rhj’tlim present. A visual record picks up low 
pitched sounds wliicli the ear may not hoar. 

L. N, K. 

Pereira, C.; Phonocardiographic Studies in 50 Normal Pregnancies. Rev, 
argent de cardiol. 2: 323, 1935. 

The heart sounds (Wiggers and Doan), the venous pulse (Frank) and the electro- 
cardiogram (D 1) wore simultaneously recorded in fifty normal pregnant women. 
The heart rate, duration of systole, and systolic-diastolic relation were found 
to show no significant ditl'erenccs as compared with tliose found in young male adults. 
In G2 ± 4.G per cent of the cases only the first and second sounds were recorded; 
in 22 ± 3.98 per cent the first, second, and third sounds were recorded; in 10 ± 2.85 
per cent the auricular, first, second, and third sounds were present in the records and 
in G ± 2.2 per cent the auricular, first, and second sounds were recorded. 

Comparing these data with those gathered by Braun Menendez and Orias in 
healthy male young adults, it becomes apparent that the third normal sound is less 
frequently recorded in normal pregnant women while the auricular sound is recorded 
with about the same frequency. No reduplication of either the first or second sound 
was recorded. In two cases in which direct auscultation indicated a reduplication 
of the second sound, a third physiological sound was recorded. 

Author. 

Snellen, H. A,: Conduction Disturbances in the Auricles. Ztschr. f. Hreislauf- 
forsch. 28: 234, 1936. 

A case is described of a forty-two-year-old woman with marked congestive failure, 
in whose electrocardiogram extra waves were present interspersed among the regular 
PQRST waves. These extra waves occurred at a regular slow, constant rate (about 
45 per minute). The author interprets these waves as originating in an auricular 
pacemaker which controls a region of the auricles blocked off from the rest of the 
auricles and from the ventricles. At autopsy the right ventricle was found dilated 
and hypertrophied. However, the coronary arteries, the auricles, and the myocardium 
were found to be normal. 


L. N. K, 



116 


THE AMERICAN HEART JOURNAL 


'^'28r22^5''T936 ^ Anoxemia. Ztschr. f. Kreislaufforsch. 

This report deals mth a study of (1) tlie effect of placing fifteen normal per- 
sons in low pressure eliambers and reducing the pressure in the chamber to an 
equivalent of 5,000 to 7,000 meters above sea level, (2) the effect of reducing the 
content of O, in inspired air to as low as 8 per cent in thirteen experiments on 
normal persona, and (3) the effect of inlialation of pure oxygen in six experiments 
with cyanotic patients. 

Anoxemia, sufficient to produce mountain sickness, caused acceleration of heart 
rate, shortening of the P-R and QRST intervals, augmentation in the size of the 
P-wave, and flattening of the T-wave. On relieffing the anoxemia, tJie deviation.s 
were restored to and temporarily beyond the normal values. No particular electro- 
cardiographic changes marked the onset of mountain sickness. Oxygen inhalation 
in cyanotic patients caused changes the reverse of those seen in normal individuals 
rendered anoxemie. 

L. N. K, 


Hinrichs, Alfred: The Differential Diagnosis of A-V Nodal Rhythm. Ztschr. 
f. Krcislaufforsch. 28: 205, 1936. 

This is a case report of a thjwotoxic patient having a tonsillar abscess, who 
developed an incomplete A-V block with Wenckebach periods. The next day he had 
a regular rhythm with a rate about 110 beats per minute. The P-wave followed the 
QRS complex by about 0.20 sec. simulating (A-V) nodal rhythm. Analysis showed, 
however, that this was in reality a sinus tachycardia with a markedly prolonged P-E 
interval. 

L. N. K. 


ELoch, Eb.t A Scheme for Electrocardiography. Ztschr. f. Kreislaufforseb. 28; 

200, 1936. 

A chart is presented showing the lines of equipotential in a circular electrical 
field having widely separated large poles in the center. A second circular chart 
is given of the same diameter, which has three lines radiating from the center 
at an angle of 120 degrees from each other. Wien the second chart is superim- 
posed on the first, it will give the values of the potential at the three electrodes and 
in the three leads correctly in any position. The angle cc can also be obtained. 
The author claims that this procedure is accurate, unlike the trigonometric solution 
of the Einthoven triangle. The author has not yet made the correction in the case 
of an eccentrically located bipole. 

L. N. K. 


Neslin, W.: Autonomic Auricular Rhythm. Wien. Arch. f. inn. Med. 28 : 243, 

1936. 

The author reports a case in which sinus rhythm coexisted vdth rhythm dis- 
charge from another focus in the auricles. The patient, fifty-three years old, 
manifested definite evidence of cardiac failure. The electrocardiogram showed 
sinus arrhythmia, ventricular premature beats, and emdence of intraventricular 
block. In addition, small waves occurred at regular intervals at a rate of thirty 
per minute and were not followed by ventricular comple.xes. They bore no con- 
stant time relation to the normal P-waves or the QES complexes. These regularly 
recurring waves are interpreted as extrasystolic P-waves arising in a rhythmic 
focus in the amides. This focus and the sinus pacemaker acted independently 
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and each controlled its own portion of the auricles, the two regions being shielded 
from each other by a region of transient intra-auricular block. The sinus impulse 
spread to the v'cntricle, the other did not. The auricles, in this way, were dndded 
into two functionally independent parts. 

W. B. 

Hadom, Von W., and Tillmann, A.: Contusion of the Heart. Ztschr. f. Hreislauf- 

forsch. 28: 185, 1936. 

The authors present a case report of a thirteen-year-old girl who, following 
a severe blow of the chest, developed shock, pain in the upper abdomen, tachycardia, 
extrasystoles, leucoei'tosis, transitoiy S-T and T-wave abnormalities in the electro- 
cardiogram, and an increase in sedimentation rate. This picture following chest in- 
jurj* should lead to the suspicion of contusion of the heart. 

L. N. K. 

Harrison, T. R., Friedman, Ben, and Resnik, Harry: Mechanism of Acute Ex- 
perimental Heart Failure. Arch. Int. Med. 57: 927, 1936. 

A method has been described for measuring the coronary blood flow of the 
dog by means of a cannula passed through the right external jugular vein into the 
coronary sinus. "With this procedure it is possible to calculate the consumption of 
oxygen and the mechanical efficiency of the heart under various conditions. The 
sources of error involved have been discussed. 

Values are reported for the coi'onary blood flow and for the work, oxygen con- 
sumption, and mechanical efficiency of the hearts of morphinized dogs subjected to 
no surgical procedure other than the insertion of arterial and venous cannulas. The 
amount of oxygen consumed by the heart was in general about 10 per cent of tliat 
used by the body as a whole. The average value for the mechanical efficiency of 
the heart was 17 per cent. 

An increase in work produced either by increasing the cardiac output or by raising 
the blood pressure caused an increase in the mechanical efficiency of the heart. 

Heart failure produced by chloroform was associated with a decline in arterial 
blood pressure, in oxj'gen consumption and in cardiac output. The proportion of 
the oxygen absorbed by the heart increased, and the mechanical efficiency of the 
heart diminished. The systemic venous pressure rose only when the animal was 
moribund. The cardiac output in proportion to the metabolism underwent no 
constant changes. At autopsy the heart was observed to be dilated, and the lungs 
were edematous. 

Heart failure produced by potassium chloride was associated with a rise in 
systemic venous pressure, but edema of the lungs did not develop. Constant altera- 
tions in the arterial blood pressure, cardiac output, and arteriovenous oxygen differ- 
ence were not noted. The cardiac consumption of oxj^gen increased, and the mechan- 
ical efficiency of the heart diminished. Dilatation of the heart was a constant post- 
mortem observation. 

The observations support the validity of the backu'ard failure (back pressure) 
theory of the mechanism of heart failure. They are not in accord with the forward 
failure (diminished output) hjpothesis. They demonstrate that in the intact animal, 
as in the heart-lung preparation, heart failure is characterized by an increase 
in the volume of the heart and a decrease in the mechanical efficiency. 

Author. 

Talley, James E., and Fowler, Kenneth; Tetralogy of Fallot (Eisemenger Type) 

With Hypoplasia of the Dextroposed Aorta. Am. .T. M. Sc. 191: 618, 1936. 

The patient, a woman a little over thirty-one when she died, was born at eight 
months and was a ‘'blue baby.” She had a normal physical and mental develop- 
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ment, passed through two pregnancies and was able to take care of her house until 
witlun a month of her death. The diagnosis of tetralogy of Pallot, uith the incom- 
peteney of the pulmonary valves, was confirmed post mortem. In addition there was 
a hjTpoplasia of both the thoracic and abdominal aorta, which was not suspected. 

Author. 


Baker, Thomas, and Shelden, Walter D.: Coarctation of the Aorta With In- 
termittent Leakage of a Congenital Cerebral Aneurysm. Report of a Case. 

Am. J. M. Sc. 191: 626, 1936. 

A series of an unusually large number of consecutive necropsies indicates that 
coarctation of the aorta occurs far more frequently than is clinically appreciated. 
The pathologj’’ and diagnosis of this anomaly is discussed and attention is called to 
the ease with rvhich this diagnosis may be confirmed or denied. The association of 
congenital cerebral aneurysm with coarctation is emphasized. A case in wliich 
coarctation with possible intermittent leakage of a congenital cerebral aneurysm 
affected a young woman still living is reported. 

Author. 

Leary, Timothy: Atherosclerosis. Arch. Path, 21: 439, 1936. 

All the lesions of aortic atherosclerosis, save the earliest mucoid change, are 
duo to tlie presence of cholesterol. They are primarily intimal and depend for 
their nutrition on imbibition through the endothelium. Variation in the character 
of these lesions is determined by the age of the subject and of the lesions. 

In youth cholesterol is introduced into the subendothelial tissue of the intima by 
globular lipophagcs or is engulfed by globular lipophages in this situation. Young 
fibroblastic tissue is produced in the subendothelial tissue, and the young fibroblasts 
engulf and metabolize the lipoid, leading to its disappearance from the lesions. Re- 
pair with minimal scarring follows since the young fibroblastic tissue does not 
form collagen. 

In middle age, cholesterol metabolism within lipoid cells is slowed, the connective 
tissue forms collagen and scar tissue is produced. There is interference with 
imbibition of nutriment through the scar tissue, and the deep layers undergo necrosis, 
with the formation of secondary atheromatous '‘abscesses” (atherocheumas). Scars 
are the tj-pical lesions in tliis period. 

In old age, cholesterol metabolism ceases, globular lipophages accumulate in 
masses, with inadequate nutrition and support, and a primary atheromatous "ab- 
scess” (atlieroclieuma) is the typical lesion. 

The lesions of the ascending arch are exceptions to these rules, the metabolism of 
cholesterol being successfully carried on, as in youth, up to advanced ages. The 
connective tissue wliich is formed is reticular, as in youth, and minimal scarring 
is usual. 

Calcification arises in connection with necrobiosis or after necrosis Jias developed. 

It is a terminal monumental deposit marking the sites formerly occupied by living 
tissue. 

Author. 


Leary, Timothy: Atherosclerosis. Etiology. Arch. Path. 21: 459, 3036. 

The oridence against cholesterol as etiologic agent is considered first and is 
found wanting. Leary then, after considering his onm and otlicr.s' evidence for tins 
substance, concludes timt tbo disease atlieroscJerosis is due to disturhtmecs of choles- 
terol metabolism. Stresses appear to determine the localization of the lesions. 

L. H. H, 
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Darley, Ward, and Doan, Charles A.: Primary Pulmonary Arteriosclerosis With 

Polycythemia: Associated With the Chronic Ingestion of Abnormally Large 

Quantities of Sodium Chlorid (Halophagia) . Am. J. ]\r. Sc. 191: 633, 1936. 

The case herewith presented is tliat of a young female, aged twenty years, who 
since early cliildhood had manifested the signs and symptoms of obstruction in the 
lesser circulation. Autopsy revealed marked pulmonary arteriolar sclerosis, dilatation 
of the pulmonary artery, and right ventricular hypertrophy. 

During most of her life the patient had ingested abnormally large amounts of 
salt (as much as 3 pounds in one week). iN’o cause for this abnormality could be 
foimd. It is of interest that her taste threshold for salt was much lower tlian the 
tliresholds of persons who were normal in respect to salt desire and intake, that her 
fluid intake and output were not materially disturbed by variations in salt intake, 
and that the osmotic pressure and the chemistry of the blood were not altered. 

The case is discussed at length from the standpoint of possible causes of arterio- 
sclerosis. Moschcowitz insists that, save with very few exceptions, pulmonary arterio- 
sclerosis is the result of long-standing hypertension in the lesser circulation. Most 
such cases of hj-pertension are secondary to congenital abnormalities of the heart 
or pulmonary vessels or to extravascular or intravascular circulatory obstruction. In 
this patient we were unable to demonstrate any cause of obstruction or h.ypertension 
in the lesser circulation other than the arteriolar h}y)erplasia itself. Consequently, 
we consider this case to be one of primary pulmonary arteriosclerosis, and, since 
microscopic examination of the pulmonary tissue failed to reveal any evidence of 
sypliilitic arteritis, we feel that it should be further classified as one of unlvnoum 
etiology. 

Author. 

Levon, Paul M., and Bucy, Paul C.: Proliferative EndopMebitis (Pblebosclerosis) . 

Report of a Case. Arch. Int. Med. 57: 787, 1936. 

A case of proliferative endophlebitis is presented, which appears to be unique 
in that the lesions were associated with symptoms definitely indicative of im- 
pairment of the venous return. 

Autoior. 

Bitzer, E. W. Observations on the Effect of Sudden Changes in Arterial Ten- 
sion in Angina Pectoris. Ann. Int. !Med. 9: 1120, 1936. 

Sixty-four joatients with angina pectoris were subjected to the cold pressor test. 
Thirty- two cases had normal blood pressures; 27 were hj-pertensive and five were 
hjy)Otensive. Fifty-three per cent of the angina pectoris cases with normal blood 
pressure had a ceiling, or maximal rise, in systolic pressure to 150 mm. or more. 
The average rise in this group was 29.84 nun. systolic and 16.53 mm. diastolic. 
The greatest reaction occurred in a hypertensive case, 82 mm. systolic and 45 mm. 
diastolic. Two cases showed a reverse reaction, a precipitate drop in pressure, with a 
slowing of the pulse rate, pallor, and sweating about the head. 

Electrocardiographic studies were made. A chest lead was taken immediately 
preceding the test and repeated at the height of the reaction. Twelve cases showed 
more than 1 mm. change in the QES and T deflections during the cold pressor test. 
Four cases showed changes in the R-T segment. 

Only one case developed an attack of angina pectoris. This individual was 
acutely reactive to cold. Handling ice or drinking ice water would immediately 
precipitate an attack, which could be relieved by immersing the hands in hot 
water. The carbon dioxide test was used on this patient and caused a similar rise 
in blood pressure but failed to produce an attack of angina pectoris. 

Author. 
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Pinkston, J. O., Partington, P. P., and Eosen-bluetk, A.: A Furtker Study of 

Eeflex Changes of Blood Pressure in Completely Sympathectomized Animals. 

Am. J. Physiol. 115: 711, 1936. 

Completely sympathectomized and vagotomized cats and dogs were studied. Ee- 
flex rises and falls of blood pressure were obtained on stimulation of afferent nerves 
and these responses were not abolished by exclusion of the splanchnic vascular area. 
No significant reflex rises of blood pressure were obtained on occlusion of the in- 
nervated carotids. Struggle was attended by a sharp, severe fall of blood pressure 
in cats but not in dogs. These reactions are at least partly controlled by non- 
sympathetic vasomotor nerves, which are probably the dorsal root dilators. 

E. A. 

Albrecht, H.: Pregnancy in Essential Hypertension. Monatschr. f. Geburtsh. u. 

Gynala 100: 301, 1935. 

Pregnancy may aggravate the conditions of the blood vessels in essential 
hypertension and, also, may lead to nephrosis or eclampsia. These patients, there- 
fore, should be carefully watched. 

L. N. K. 

Morlock, Carl G., and Horton, Bayard T.: Variations in Systolic Blood Pressure 

in Eenal Tumor: A Study of 491 Cases. Am. J. M. Sc. 191: C47, 1936. 

This analysis shows strildng uniformity of the readings of systolic blood pressure 
for the various liistological types of renal tumor. Practically identical incidences 
for the different groups of blood pressure occurred both in cases of hypernephroma 
and in those of renal tumors of other tj’pes. No consistent alteration in blood 
pressure occurred following removal of a tumor of either tj-pe. This was particularly 
significant in cases of li}’pernephroma in which for both males and females as high 
an incidence of hypertension occurred aftfer removal of the tumor as existed prior to 
operation. Scrutiny of the males with renal tumors other than hypernephroma would 
lead one to think that they experienced a diminution of arterial tension following 
operation, but since an exactly opposite situation existed with respect to the females, 
we can hardly attach significance to tliis. In conclusion, we found no constant in- 
crease in the blood pressure of patients who were suffering from renal tumors. 
In particular we failed to substantiate the observation of premous investigators: 
that a marked fall of an antecedent h 3 T)ertension followed removal of a hyper- 
nephroma. Finally, we would suggest that this study offers clinical evidence that 
an epinephrine-like pressor substance is not produced bj’ the hypernephromatous 
type of renal tumor. 

AtmiOB. 

Barker, Nelson W., and Camp, John D.: Direct Venography in Obstructive 

Lesions of the Veins. Am. J. Eoentgenol. 35: 485, 1936. 

The value of direct venography in obstructive lesions of the veins can be 
summarized as follows: (1) It maj’' aid in evaluation of disturbances in rate of 
venous blood flow. (2) It may aid in localizing and determining the extent 
of an obstructive lesion. (3) It may be of diagnostic aid in obscure cases, par- 
ticularly when extrinsic obstruction is suspected. The simplicity and safety of 
the method recommend it. Contraindications are idiosvmcrasy to iodides and 
recent acute thrombophlebitis. The method has definite limitations, but there 
also are many possibilities for variations, and improvements in technic. 
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Yater, W. M., and Cahill, J. A. : Bilateral Gangrene of- Peet Due to Ergotamine 

Tartrate Used for Pruritus of Jaundice. J. A. M. A. 106: 1625, 1936. 

This case report begins with a review in summary of the literature regarding 
gangrene of the extremities following therapeutic use of ergot preparations. In 
the present instance the gangrene ensued rapidly upon the dosage of 0.5 mg. 
ergotamine tartrate hj-podermically for six and one-third days. Arteriograms 
showed a complete occlusion of the main arteries of the leg in the lower one- 
third. Both lower legs were amputated. 

A pathological report of the vessels in the amputated portions is included. 
The lesion is essentiallj- one of intense arterial constriction, with varying 
amounts of hyaline degeneration in the vessel walls. 

L. H. H. 

Gould, S. E., Price, A. E., and Ginsberg, H.: Gangrene and Death Pollowing 

Ergotamine Tartrate (Gynergen) Therapy. J. A. M. A. 106: 1631, 1936. 

A case reiJort of gangrene of both lower legs, and intense peripheral artery 
involvement in other parts of the bodj" following the subcutaneous injection of 
four dail}' doses of ergotamine tartrate totaling 1 mg. The patient died within 
a day after the last of the four doses had been given. 

The drug had been administered as treatment for the pruritus of jaundice fol- 
lowing neoarsiihenamine therapy. Post-mortem examination showed all the 
arterioles examined to be contracted. 

L. H. H. 


Cole, Harold N., and Usilton, Lida J.: Cooperative Clinical Studies in the Treat- 
ment of Syphilis. I. Uncomplicated Syphilitic Aortitis: Its Symptomatology, 

Diagnosis, Progression, and Treatment. Arch. Int. Med. 57: 893, 1936. 

The frequency of incidence of uncomplicated syphilitic aortitis is 4.9 per cent in 
patients admitted to the clinic with latent sypliilis or syphilis in the late stage 
(exclusive of benign late syphilis of the bones or skin and syphilis of the viscera 
other than the cardiovascular organs). The total number of patients with uncom- 
plicated sypliilitic aortitis was 326. The manifestation was observed nearly three 
times more frequently in negroes than in wliite patients. 

Ten per cent of the patients in whom uncomplicated syphilitic aortitis was de- 
tected had had the infection for less than five years. 

The Wassermann reaction of the blood was positive in 72 per cent of the cases. 
There were unquestionable abnormalities of the spinal fluid in 49 per cent of the 
cases in wliich examination was made. 

Of 935 patients with the early^ stage of syphilis followed for a period of from 
three to ten years, cardiovascular sypliilis developed in 1.6 per cent; among 105 
patients folowed for from ten to twenty years, cardiovascular sypliilis developed iu 
6.7 per cent. However, among the patients who were followed from three to twenty 
years, none of the graver forms of cardiovascular sypliilis developed if treatment 
had been adequate and regular during the early stages of syphilis. 

It was noted that treatment definitely improved the outlook in 267 patients fol- 
lowed for one year or more after the detection of uncomplicated syplulitic aortitis. 

The average duration of life in patients who died has been increased from thirty- 
four to eighty-five months when adequate treatment has been given after the detec- 
tion of uncomplicated sypliilitic aortitis. 

Of patients adequately treated after the detection of uncomplicated sypliilitic 
aortitis, 63 per cent were living and free from symptoms, with no progression of the 
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cardiovascular sj'pliilis, as compared with 49 per cent of tliose inadequately treated. 

Cardiovascular s>q)hilis was definitely or probably the cause of death in 7.9 per 
cent of the patients inadequately treated after the detection of uncomplicated 
sj-pliilitic aortitis, as compared with 2.4 per cent of those adequately treated. 

The average duration of life for patients who had been treated with small doses 
of arsenicals was twenty months longer than that for patients who had been treated 
with large doses. 

In cases of uncomplicated sj'pliilitie aortitis it is well to give a preliminary 
course of injections of a soluble or an insoluble preparation of heavy metal. 

Authoe. 

Cole, Harold N., and TTsilton, Lida J.: Cooperative Clinical Studies in the Treat- 
ment of Syphilis: Cardiovascular Syphilis. IL Syphilitic Aortic Regurgitation: 

Its Treatment and Outcome. Arch. Int. Med. 57: 910, 1936. 

There were 260 cases of S 3 ’philitie aortic regurgitation in the entire group of 
cases of cardiovascular sj'philis. Two hundred and fifty'-seven patients were ad- 
mitted with latent syphilis or syphilis in the late stage (principally with involve- 
ment of the cardiovascular or the central nervous s^’stem), and an additional 3 
patients admitted with sj^philis in the earl^- stage were detected during treat- 
ment in these clinics. 

The frequenej’’ of aortic regurgitation in patients who had been under ob- 
servation or treatment for six months or longer and who were admitted with 
sj’philis in the late stage (principallj- with involvement of the cardiovascular 
or central nervous sj'stem) or with latent syphilis was 4.1 per cent. 

Aortic regurgitation was observed twice as frequentlj- in the negro as in the 
white patients; the incidence was more than three times higher in negro men than 
in white men. 

Aortic regurgitation was observed most frequentlj' from twenty to thirtj’ years 
after infection. 

The Wassermann reaction of the blood showed some degree of positivity in S5 
per cent of the cases in which the test was carried out nithin ten daj-s of the 
detection of aortic reg^urgitation. 

In the cases in which a lumbar puncture was done, the spinal fluid of 82, or 
62 per cent, showed definite abnormalities. 

One of the most interesting facts revealed from these data is that 69 per cent 
of the patients had liad no antisyplulitic treatment prior to that given for aortic 
regurgitation. 

The treatment administered to certain patients who apparently received adequate 
therapy before the appearance of the aortic regurgitation was found to have been 
irregularlj' given after the sj-pliilis was in the late stages. 

The average duration of life was increased from forty to fiftj'-five montlis with 
adequate treatment after the detection of the sj’pliilitie aortic regurgitation. 

The administration of an adequate amount of both an arsenical and a hea’i’j’ metal 
was found to be liighly beneficial to patients vfith sjqihilitic aortic regurgitation. 

Ihom the patients with sj’pliilitie aortic regurgitation or aneuiysm who died, the 
average duration of life was thirty months when congestive heart failure wiis pres- 
ent before treatment and forty-seven months when congestive heart failure W’as not 
present. 

Cardiovascular sjqiliilis was the cause of death in 33 per cent of the patients 
in whom congestive heart failure had been present at some time and in 5 per cent 
of those in whom it had never been present. 

Symptomatic relief was noted in 30 per cent of the patients who had received less 
than thirteen injections of an arsenical, with an interim course of a heavy metal, 
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and in 60 per cent of tlie patients who liad received tliirteen or more injections of an 
arsenical, with an interim course of a liea-\y metal. 

A scheme of treatment for use in cases of aortic regurgitation is given. 

Author. 

Cole, H. N., and Usilton, Lida J.: Cooperative Clinical Studies in the Treatment 
of Syphilis: Cardiovascular Syphilis. III. Aneurysm: Its Symptomatology, Di- 
agnosis, Treatment, and Outcome. Arch. Int. Jled. 57: 919, 1936. 

Seventy-four cases of sacculated aneur 3 '.sm were included in the stud}'. 

In 50 per cent of the cases a saccular aneurj-sm w'as observed in the period 
from fifteen to twenty-five years after the infection, and in three cases, as late 
as from tliirty-five to forty years after infection. 

The location of the aneurj’sm is given in the te.xt. Three patients had three 
aneuiysms each. 

The Wassermann reaction of the blood was positive in 90 per cent of the cases 
in which it was made within ten days of the diagnosis, and in 61 per cent of the 
cases in which lumbar puncture was made within two months of the diagnosis, there 
was a definitel}’ abnormal fluid. 

Of the total number of patients with aneurj'sm, 31 per cent showed concomitant 
involvement of the central nervous sj'stem, principally of the parenchj'matous tj'pe. 
Tliis percentage represents the minimum, since in a number of cases the gruA-ity of 
the cardiovascular syphilis precluded the making of a lumbar puncture. 

Seventy-seven per cent of the patients had not been treated prior to the de- 
tection of the aneuiysm. 

Of a group of 61 patients with aneuiysms, with sjTuptoms on admission, s.ymp- 
tomatic relief was obtained in 41 per cent. Sj'mptomatic relief was obtained in 13 
per cent of the patients who were not given arsenical therapj* as a part of the 
treatment but who did receive a good course of a hea%y metal and potassium iodide, 
whereas sj'mptomatic relief was gained in 30 per cent of the patients who were 
given less than thirteen arsenical injections and an interim course of a hcav}' 
metal j in 56 per cent of the patients who were given thirteen or more arsenical in- 
jections, with an interim course of a lica-vy metal, symptomatic response was ob- 
tained. In all cases comparable forms of medical cardiac regimen were used, re- 
gardless of whether antisj-philitic treatment was administered. 

Of the seventy-four patients with a saccular aneurysm, SO per cent were followed 
for a period of one year or longer after the detection of tliis involvement, 30 per 
cent for flve j'ears or longer, and 16 per cent for eight years or longer. 

The average duration of life after the detection of the aneurj-sm of patients 
receiving an adequate amount of each drug was thu-ty-seven months, wliich in- 
creased to seventy-five months when adequate antisj'philitic treatment was given. 

Among the twenty-two patients who died, there were thirteen who died definitely 
or presumably of cardiovascular sj'philis. 

An outline of treatment for patients with aneurysm is suggested. 

Author. 

Patterson, Russel H., and Stainsby, Wendell J.: The Therapeutic Effects Pollow- 
ing Interruption of the Sympathetic Nerves; Report on the Alcohol Block in 
Certain Arthritic and Vascular Cases. Ann. Surg. 103: 514, 1936. 

Diseases definitely benefited by interrupting the sj'mpathetic nerves are: Ray- 
naud’s disease, thrombo-angiitis obliterans, scleroderma, cardiac and aortic pain, 
and megacolon. The diagnostic procaine block should alwaj-s be done before an 
attempt is made to interrupt the sj'mpathetic nerves perraanentlj'. Blocking the 
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sympathetic nerves with alcohol seems to be an excellent substitute for operative 
procedures, but the teclinic of blocldng should be carried out only after acquiring 
a thorough knowledge of the anatomy and physiology of the autonomic nervous 
system and after many trials on cadavers. With the present teclmic, it is impossible 
to interrupt all sjunpathetic neiwes to an extremity without interrupting sj’mpathetic 
nerves to other parts of the body, e.g., blocking the s^^unpathetic neiwes to tlie arm 
produces Horner’s syndrome and also blocks some of the sjunpathetie pathways 
to the chest. 

E. A. 

Hia, Juan Carlos, and Cuoco, Jose A.: Embolism of the Abdominal Aorta. Rev. 

argent, de cardiol. 2: 274, 1935. 

A case is reported of embolism of the abdominal aorta diagnosed clinically and 
confirmed bj' autopsy. The patient was a poorly treated sj'philitic, affected also by 
mitral stenosis and auricular fibrillation. The embolus probably came from the 
left auricle in which the autop.sy showed an organized thrombosis, the lower portion 
of which appeared irregular and torn off. Tlie diagnosis was established on the 
basis of the sudden paraplegia with bilateral anesthesia and total absence of arterial 
pulsation in both lower limbs, 

H. McO 

Olute, Howard M.: Acute Arterial Obstruction from Arteritis, New England 

J. Med. 214: 137, 1936. 

From the experience gained in these two cases reported, it appears that resection 
of part of an occluded artery, as Leriche suggests, has a beneficial effect both on 
the trophic disturbances in the limb and the establishment of a collateral circulation. 
Probably the increase in the blood supply following arteriectomy is due to paralysis 
of the vasomotor nerves to the accessory arteries of the heart, E.xcellent collateral 
circulation usually' follows a dissection of major arteries in dogs, but gangrene fre- 
quently follows simple ligation of the same vessels, Leriche recommends dissection 
of the obliterated artery for certain painful amputation stumps when the vessels were 
ligated in continuity, for trophic ulcers on amputation stumps, and for localized 
arteritis and recent thrombosis in arteriosclerosis. He believes the best results occur 
when the entire obliterated portion of the artery can be removed, but he does not 
recommend the procedure in Buerger’s disease. 

The operative procedure in each of the cases was limited to the removal of but 
a short piece (2 inches) of the thrombosed vessel. No attempt was made to remove 
the entire artery. Such a procedure does not seem wise, first, because it does not 
appear necessary' for good results, and, second, because such an extensive dissection 
might well injure some of the collateral arteries. TJio end-results in the first case were 
not so good as in the second case because of the delay in recognition of the condi- 
tion until the process had advanced well up the brachial artery' to involve more of 
the main arterial trunk. Early interference in the second case gave a better oppor- 
tunity for the development of a good collateral circulation. 

One must be impressed in these two cases with the apparent relation of the 
sympathetic nerves of a main artery to many of the symptoms and signs which follow 
its occlusion. From the experience gained, it appears that resection of part of an 
occluded arterial trunk aids in the establishment of a collateral circulation and 
overcomes the symptoms arising from the stimulation of the sympathetic nerves of 
a diseased artery. 


AtrrHOE. 
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Capps, Bicliard B.: A Method for Measuring Tone and Eeflex Constriction of the 
CapiUaries, Venules and Veins of the Human Hand With the Results in Normal 
and Diseased States. J. Clin. Investigation 15: 229, 1936. 

A method has been presented for measuring the tone of the veins, venules, and 
capillaries of the human hand as a rvhole and for determining the reflex reaction 
of these vessels to a noxious stimulus, a pinch. 

It has been shown that the tone of these vessels normally increases with cold 
and reflexly increases nlth the pinch. Their tone decreases with local heat and re- 
flexly with heat to the leg. 

Evidence has been presented that the decrease in hand volume following a pinch 
is actually due chiefly to a reflex constriction of the veins, venules, and capillaries. 

In two cases of acrocyanosis an abnormal absence of tone of the veins, venules, and 
capillaries has been found. Coupled with an unusually slow blood flow at low 
temperature, this finding can explain the clinical picture. 

In two cases of severe malignant hypertension, no significant abnormalities were 
found b}' this technic. 

Author- 

Iioman, Julius, and Myerson, Abraham: Visualization of the Cerebral Vessels by 
Direct Intracarotid Injection of Thorium Dioxide (Thorotrast). Am. J. Roent- 
genol. 35: ISS, 1936. 

The best position for puncture of the carotid arterj’ is tlie supine with the head 
luTcrextendcd. In this position the muscles and tissues of the neck are firmly 
fixed so that the artery may be entered with the least difficulty. The artery is 
punctured by a number IS or 19 gauge needle at the level of the cricoid cartilage 
after initial cleansings of the skin and infiltration of the area with novocaine. Wlien 
it is apparent beyond a doubt that the needle is within the lumen of the common 
carotid artery, thorotrast is injected as rapidly as possible while an assistant slows 
the rate of blood flow through the brain by compressing the hoinolateral carotid or 
both internal jugulars. First roentgenograph! c exposure is made immediately at 
the completion of the injection and excellent arteriograms are obtained. A fair 
phlebogram may be obtained by e.xposing a second film three or four seconds after 
the first one. In thirty cases no immediate or untoward effects were noted over a 
period of five months. 

It seems probable that in selected cases direct intra-arterial injections of thoro- 
trast wiU be of definite aid in the diagnosis of certain cerebral conditions, particu- 
larly' neoplasms and abnormalities of the cerebral vascular tree. 

E. A. 

Pietrusky: The Question of Vasomotor Disturbances of the Extremities After 
Electrical Injuries. Deutsch. Gerichtl. Med. 25: 197, 1935. 

•Most changes in the tissues in death due to electrical injuries can be accounted 
for as the effects of the electricity on the vessels, such as edema, dilation of the 
vessels, and localized angiospasms. The dissection of bodies when death was caused 
by electrical injuries would appear to prove that death is due to a concentration of 
all the blood in the paralyzed capillary and venous system. An interesting case oc- 
curred recently where a patient touching a highly charged electric wire vrith the 
right hand received burns on both hands as the current was discharged through 
the left hand. The injuries healed rapidly, but several months later upon the ar- 
rival of cold weather vasomotor disturbances occurred in both upper extremities. It 
would seem that there is a close connection between an electric injury and disturbed 
circulation. 


J. K. 
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Battistini, Gaspare; Clinical and Etiopathological Studies of Cyanosis, Particu- 
larly in regard to Endocrine and Constitutional Factors. Policlinico (.sez ined ) 

42: 480, 1935. ' 

Two sisters developed acrocyanosis at the change of life. The disturbed function 
of the ovary in connection with a specific constitutional background is responsible 
for these vasomotor syndromes. Successful hormone therapy seems to prove this 
theory. 

J. K. 

McKelvey, G. J.: An Improved Cuff for TTse with the Passive Vascular Exercise 

Unit. J. A. M. A. 106: 920, 1936. 

McKelvey describes a series of soft rubber cuffs for adaptation to various sized 
thighs, with separate leaves which are compressed on the thigh alternately in the 
two phases of suction and pressure. They are attached separately to the open end 
of the boot and to the thigh at the start of each treatment and are claimed to causo 
no venous congestion. 

L. H. H. 

Conway, J. H.: Obliterative Vascular Disease. Report of Fifty-One Cases 

Treated With Passive Vascular Exercise. J. A. M. A. 106: 1153, 1936. 

In this study of the clinical application of alternate suction and pressure in 
patients, the author states his belief that gradual pressure changes are equally 
effective with sudden alternation in environmental pressure and that they are 
without danger of injury to the intima of diseased vessels. 

The pavaex apparatus was used. The treatments were centralized in the phys- 
ical therapy department of the New York Hospital. 

Of 36 arteriosclerosis obliterans patients, 29, or 80.5 per cent, were improved. 
Three patients who experienced pain while under treatment did badly and came 
to amputation, probably because of a diffuse sclerosis invohing the arterioles as 
well as major arteries. 

Ten cases of acute vascular occlusion (embolism, thrombosis) were treated, with 
encouraging results in 9. Of 4 cases of thromboangiitis obliterans, the treatment 
was a failure in 3, of doubtful value in one. In no case of the whole series was 
there conclusive evidence that the procedure had itself caused serious complications. 

L. H. H. 

Machella, T. E.: The Velocity of Blood Flow in Arteries in Animals. Am. ,T. 

Physiol. 115: 632, 1936. 

The velocitj’- of blood flow in arteries may' be measured by the insertion in the 
artery of a short length of nickel wire. If this be connected to a Kelvin-Thompson 
bridge and be used according to the liot-wire principle developed by Hill, the velocity 
of blood flow may be measured by variations in resistance. Owing to the small mass 
of the wire used and the intimate contact ^vith the moving stream, the .system is able 
to follow accurately rapid changes in velocity. The method measures velocity of 
flow rather than volume flow, though the latter can be estimated if the diameter 
of the vessel is knoum. The velocity curves of the carotid aud femoral arterie.s are 
shown to resemble the pre.ssure curves in these arteries and to differ from one an- 
other just as do the pressure curves. 

"Wlien an animal is in good condition, the .systolic velocities obsorred in the 
carotid and femoral arteries under dial-morphine anesthesia are usually 50 cm. per 
second or more. The mean velocities are about 9 cm. per second. Studies of the 
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relocitr in the aorta 2 cm. distant -from tiie aortic valves show that the flow at this 
point does not decrease to zero during diastole; the reservoir action of the aorta and 
of the aortic valves proximal to this point must, therefore, be considerable. Studv 
of the velocity changes in the coronar}' arteries demonstrates that the main flow 
occurs during systole. 

E. A. 


Kaplan, T.: Erost-Eite. Am. J. Surg. 32: 318, 1936. 

The pathology of this condition may be due to (1) change in the colloid 
structure of protoplasm incident to the greatly lowered temperature; (2) vaso- 
constriction and sirasm; (3) reactionary hj-peremia and transudation of serum 
further cutting off blood supply; and (4) rarely, thrombosis. 

The clinical manifestations and therapy of frostbite are con.sidered briefly*, with 
several references to the literature, but with no personal findings or results in- 
cluded. 

L. H. H. 

Koch, Julius: Is the Blood Pressure Regulation on Changing Body Posture De- 
pendent Solely on the Pour Known Blood Pressure Nerve Regulators? Ztschr. 
f. Biol. 96: 314, 1935. 

Denervation of the sensoiw regions of the root of the aorta and of the carotid 
sinuses has little efl'ect on the ability of the rabbit to maintain the blood pressure 
when body posture is changed. The author concludes that there must be receptors 
in other regions than those which are capable of maintaining the blood pressure 
under these circumstances. 

L. N. K. 

Levin, E.: Circulators Quotient in Cardiac Insufficiency. Rev. argent, de cardiol. 
2: 354, 1935. 

From the assumption that minute volume of blood and circulatory quotient 

\olemia x always iu the same general sense, the circulatory quotient was 

Chronemia 

determined in twentj’-seven cardiac patients, both during decompensation and re- 
compensation, in order to seek the corresi^onding variations of the minute volume 
of blood. 

The results were irregular. In 16 cases the circulatory quotient was lower during 
cardiac insufficiency; in 4 cases it showed no appreciable change; and in 7 cases it 
was higher during decompensation than after recompensation. These findings es- 
sentially agree with those of some other investigators. 

The view is advanced that the minute volume of blood in cardiac patients de- 
pends on the oxygen consumed, the degree of its utilization and the reserve power of 
the heart. These three factors may act in the same or in different ways. Its value, 
if taken by itself, gir'es no information regarding tissue oxygenation. An apparently 
high minute volume of blood may be insufficient and vice versa. 


Author. 



Book Reviews 


Synopsis of Diseases of the Heart and Arteries. By George R. Herrmann, M.D., 

St. Louis, 193 G, The C. V. Mosby CompanJ^ 

The author refers to tliis small volume as a handboolc and modestly states that 
it is “an attempt to provide an acceptable indexed epitome of the principles and 
modern conceptions of cardiologic practice.” Actually, its 328 pages contain prac- 
tically all the useful information found in most larger texts, presented in detail, tliat 
is ample for practitioners and students, for whom it is primarily designed. The 
earlier chapters deal with definitions, criteria, the details of liistory taking, a dis- 
cussion of the instruments used in the clinical study of patients, and of the value 
and limitations of the x-ray and electroeardiograpli. These subjects occupy less 
than a tliird of the book; the remainder is devoted to a discussion of classification 
of cardiac diseases, arrhjdhmias, the diagnosis and treatment of congestive and 
anginal heart failure, coronary tlu-ombosis, bacterial endocarditis, rheumatic and 
syphilitic disease, the various tj'pes of chronic valvular disease, congenital lesions, 
and pericarditis. The final chapter is upon diseases of tlie peripheral vascular 
system. 

The author’s standing as a teacher and investigator and his many contributions 
to our knowledge of cardiovascular disease would be sufScient to guarantee the ac- 
curacy of his statements and the soimdncss of his mews. He has, however, clearly 
indicated in the preface that the book is not a presentation of original work or 
ideas; it is, rather, a comprehensive sun^ey of the entire field by a competent 
authority who has lucidly summarized our present knowledge of the subject. There 
are nearly a hundred illustrations, all of them clear and helpful, and many of them 
notable for originality. The text is written simply and with admirable clarity. 
There are doubtless some who will criticize the number of pages devoted to a 
discussion, of valve lesions, but the author is too deeply in sympathy with the modern 
view of myocardial function to discuss these lesions from the viewpoint of twenty 
years ago, and his discussion is probably a sane corrective to the extreme views of 
those who regard valve lesions as whollj^ unimportant. 

It is a pleasure to commend this small book to all practitioners and students who 
wash a brief, timely, up to date, and authoritative discussion of this field of medicine. 
It is far superior to any similar volume ever encountered by the present reviewer. 

H. M. M. 


Le Syndrome Endocrino-Hepato-Myocardiqce: Sue un Aspect des Cirriioses 
P iGMENTAiRES. By Etienne Royer de Vericourt, Paris, 1936, Masson et Gie. 

This monograph of 140 pages is devoted to a presentation of certain aspects of 
hemochromatosis w’liich, the author believes, constitutes a new syndrome. This con- 
sists of multiple endocrine aplasias, hepatic cirrhosis, diffuse visceral hemosiderosis, 
and severe myocardial failure of a special type. 

L. A. C. 
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Original Communications 


THE USE OP ETIOLOGICAL NOMENCLATURE OP HEART 
DISEASE IN HOSPITALS IN THE UNITED STATES* 

0. P. Hedley, M.D.t 
Philadelphlv, Pa. 

N early twent.y-fivc years have elapsed since Cabot^ focused atten- 
tion on an etiological basis for classifying heart disease. During 
this time many refinements have been made in diagnosing, and addi- 
tional factors have been discovered. Much of the credit for the improve- 
ment ill diagnosing heart disease is due the Committee on Cardiac 
Clinics of tlie Association for the Prevention and Relief of Heart Disease 
in New York City, which in 1923 prepared a nomenclature covering 
diseases of the heart and blood vessels which it introduced into its 
various clinics. This nomenclature has been revised from time to time 
by the Heart Committee of the New York Tuberculosis and Health Asso- 
ciation and has been adopted by the American Heart Association which 
now sponsors its use.- It is generally recognized that the prevention of 
heart disease or iiostponement of its more serious consequences demands 
that each etiological factor be attacked separately. The struggle against 
heart disease is essentially a war of attrition rather than a broad frontal 
attack. 

Wild e-x gathering information about the prevalence of rheumatic heart 
disease, rheumatic fever, and chorea among in-patient admissions to 
hospitals throughout the United Slates, this office inquired about the 
use of etiological nomenclature of heart disease in general. Ques- 
tionnaires were sent to general hospitals and children’s hospitals, most 
of which have capacities of 100 beds or more. AVhile inquiries were 
directed at most of the hospitals approved for interneships by the 
American Medical Association, the study was not confined to these insti- 
tutions. To have done so would have excluded most of the pediatric hos- 

*From the Office of Heart Disease Investigations, U. S. Public Healtli Service, 
Maloney Clinic Building:, University of Pennsylvania. Philadelphia. 

Published by permission of tlie Surgeon General. 

TPast Assistant Surgeon. U. S- Public Health Service. 
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Table I 

Distribution by States of Hospitals TJsing Etiological Nomenclature of Heart Dis- 
ease for Dia^osing In-Patient Admissions During 1934. Order Based on Percent- 
ages of Hospitals Didicating Use of Etiological Nomenclature Among Entire Group 

Sent Questionnaire 


STANDING 

STATE 

NUMBER OF HOSPITALS 
SENT QUESTIONNAIRE 

i NUMBER OF HOSPITALS 
ANSWERING QUESTION 
ABOUT CLASSIFICATION 

NUMBER OP HOSPITALS 
USING ETIOLOGICAL 
NOMENCLATURE 

A Q 
-I 

■< o 

2 2 « 
a « 

(i. S ? 
° ^ EJ 
1:1 >5 

S o 
w M is 
O P K 

C3 ftJ « 
K W P 
o, ca Ss 

1 

Maine 

12 

10 

7 

58.3 

2 

Connecticut 

19 

18 

11 

57.9 

3 

Dist. of Columbia 

9 

7 

5 

55.6 

4 

Eliode Island 

■ 11 

8 

6 

54.6 

5 

New Jersey 

47 

37 

23 

48.9 

6 

New York 

123 

90 

60 

48.8 

7 

Massacliusetts 

64 

46 

30 

46.9 

8 

Missouri 

44 

33 

20 

45.5 

9 

Pennsylvania 

129 

101 

57 

44.2 

10 

Florida 

14 

11 

6 

42.9 

11 

Louisiana 

14 

8 

6 

42.9 

12 

Colorado 

13 

10 

5 

38.5 

13 

Tennessee 

26 

18 

10 

38.5 

14 

Kansas 

21 

13 

8 

38.1 

15 

California 

64 

49 

24 

37.5 

16 

North Dakota 

11 

6 

4 

36.4 

17 

Nebraska 

17 

11 

6 

35.3 

18 

Maryland 

21 

12 

7 

33.3 

19 

New Mexico 

9 

5 

3 

33.3 

20 

Iowa 

31 

16 

10 

32.3 

21 

Oliio 

61 

43 

19 

31.2 

22 

Texas 

78 

52 

24 

30.8 

23 

Alabama 

10 

7 

3 

30.0 

24 

Oregon 

21 

11 

6 

28.0 

25 

Indiana 

33 

21 

9 

27.3 

26 

Michigan 

48 

30 

13 

27.1 

27 

Georgia 

19 

9 

5 

26.3 

28 

Hlinois 

65 

40 

17 

26.2 

29 

Washington 

31 

20 

8 

25.8 

30 

Minnesota 

35 

25 

9 

25.7 

31 

Delaware 

4 

2 

1 

25.0 

32 

South Dakota 

16 

11 

4 

25.0 

33 

West Virginia 

35 

16 

8 

22.9 

34 

Wisconsin 

49 

24 

11 

22.5 

35 

Idaho 

9 

5 

2 

22.2 

36 

klississippi 

24 

12 

5 

20.8 

17.7 

37 

Kentucky 

17 

10 

3 

38 

South Carolina 

18 

9 

3 

16. i 

39 

North Carolina 

37 

21 

6 

16.2 

40 

Virginia 

37 

23 

G 

16.2 

15.4 

41 

Vermont 

13 

9 

2 

42 

New Hampshire 

15 

7 

2 

13.3 

11.1 

43 

Nevada 

9 

5 

1 

44 

Utah 

10 

6 

1 

30.0 

45 

Wyoming 

10 

4 

1 

10.0 

8.3 

r /* 

46 

Oldahoma 

24 

11 

2 


CO 

i ^ 

^ o 

*-• HH - 

^ ^ *3 

xsi m < 

§ P 3 S 

Pw 3 
o o o ^ 
^ 2 ^ 
!5 « W o 

S > O ^ 
cj S S S 


47 Alontana 

48 Arizona 

49 Arkansas 
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pitals and many private hospitals with miquestionahly high standards 
but not meeting all of the requirements for recognition. Furthermore, 
in quite a few states not manj'’ hospitals are approved for interneships. 
Hospitals belonging to the federal government, with the exception of a 
few Indian hospitals, were excluded as their benefieiaries are limited to 
certain select groups among whom there are but few cliildren. 

Inquiries were sent to 1,461 hospitals, of which 953 answered the ques- 
tion about the use of an etiological nomenclature during the year 1934. 
Other's stated that thej* had adopted etiological classifications in 1935. 
These, however, were not included in the present study. Four huiidi’ed 
eighty-one indicated the use of an etiological terminologjL This com- 
prised 32.9 per cent of all the hospitals to which questionnaires were 
sent, or 50.4 per cent of those replying. These hospitals have either 
adopted systems of nomenclature embodying an etiological classification 
of heart disease or have incorporated an etiological nomenclature, usually 
that of the American Hearl Association, into existing systems. 

In Table I is .shovui the distribution by states and the District of 
Columbia of hospitals using etiological nomenclature. On the basis of 
the percentage indicating the use of etiological terminology' in the 
entire series, hospitals in Maine, Connecticut, the District of Columbia, 
Rhode Island, New Jersey, New York, Massachusetts, j\Iissouri, Pennsyl- 
vania, Florida, Louisiana, and Colorado employed it most frequently 
and in the order mentioned. Eight of these twelve areas are located 
along the northeastern seaboard. On the other hand, etiological nomen- 
clature does not appear to be so popular in most of the western states. 
If this table is studied from the basis of the number of hospitals an- 
swering the inquiry the percentages are somewhat higher, and the re- 
sults, although in some cases slightly different, are essentially* similar. 

The extent to which etiological nomenclature is used in various sec- 
tions of the United States is shoAvn in Table II. Etiological systems of 
classification are employed more frequently by hospitals in the Middle 
Atlantic and New England states than by^ hospitals in other parts of 
the countiy and are used to a lesser extent in the Rocky Moinitain states 
than in other sections. It is noteworthy' that use of etiological nomen- 
clature is more in vogue in that part of the countiy where the American 
Heart Association is strongest. Its popularity in New England is largely 
attributable to the New England Heart Association. 

In Table III a study'- is made of the use of etiological nomenclature 
among hospitals approved for interneships by* the American i\Iedical 
Association. Of 572 hospitals to which inquiries were sent, replies to 
this question were received from 474. Two hundred eighty'-eight hos- 
pitals, 50.3 per cent of the total number from which information was 
sought, or 60.8 per cent of the hospitals replying to this question, in- 
dicated the use of etiological terminology'. While it cannot be postulated 
that hospitals approved for inteimeships necessarily have higher stand- 



]32 


THE AMERICAN HEART JOURNAI. 


Tablk II 


Distribution by Sections op the United States of Hospitals Using Etiologicvl 

Nomenclature op Heart Disease 


.SECTION 

07 

33 S 

IP 

o ^ 

o i 

2 c* 

£ £- 
s 

So 

NUMBER OF HOSPITALS 
REPLYING TO QUESTION 
REGARDING 

P 

i4 

O 

iz; 

S 

<■, 

c 

NUMBER OF HOSPITALS 
USING ETIOLOGICAL 
NOMENCLATURE 

PER CENT OP 

NUMBER SENT 
QUESTIONNAIRE 

PER CENT OP NUMBER 
REPLYING TO 

QUESTION ABOUT 
NOMENCI.ATURE 

New England 

(Me., N. H., Vt., i^ta.s.s. 
E. I., Conn.) 

134 

t 

98 


58 

43.3 

59.2 

Middle Atlantic 
(N. 'Y., N. .L, Pa.) 

299 

22S 


140 

46.8 

61.4 

East North Central 
(Ohio, Ind., 111., 

Mich., Wis.) 

25G 

158 


09 

27.0 

43.7 

West North Central 1713 

(]\tinn., Iowa, Mo., 

N. D., S. D., Neb., Kan.) 

115 


Cl 

34.9 

53.0 

South Atlantic 

(Del., Md., D. C., Va., 
Va., N. C., S. C., 

Ga., Fla.) 

194 

110 


47 

24.2 

42.7 

East South Central 77 

(Ky., Tenn., Ala., ALiss.) 

47 


21 

27.3 

44,7 

I Vest South Centra} 

(Ark,, La,, Okla,, Tex,) 

120 

72 


32 

25.4 

44.4 

ATouiitain 

(Alont,, Idalio, Wyo,, 
Colo,, N, AI,, Ariz,, 

Utah, Nev,) 

S4 

45 


14 

16.7 

.31.1 

Pacific 

(%Yash,, Ore,, Calif.) 

IIG 

SO 


38 

32.8 

47,5 

Totals 1,4G1 

953 


480 

32.9 

50.4 


ards than other institutions, tliese Jiospitals have met certain standards 
regarding size, organization, and equipment. In tliem young jiliysieians 
receive much of their practical clinical training. Many practitioneis, 
e.s23ecially those settling in the smaller towns and rural areas, continue 
to diagnose in terms taught them in medical school and hospital days. 
Hence it is de.sirable that such hospitals em])lo.y the be.st tei’minologj 
available. 

Although there are notable exceptions a larger jiroiiortion of hospitals 
in the New England and Middle Atlantic states have adopted etiological 
classifications than in other parts of the eountiy. This becomes ospe- 
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Table III 

Distribdtion by States of Hospitals Approved for Ixteryesiiips by the 
American Medical Association Using Etiological Nomenclature 

of Heart Disease 


Kentucky 

Oklahoma 

Alabama 

Arkansas 

Montana 
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Maine 

4 

4 

4 

o 

New Hampshire 

1 

1 

1 

3 

Rhode Island 

4 

4 

4 

4 

IVest Virginia 

4 

• > 

O 

O 

5 

^Missouri 

22 

19 

15 

G 

. Florida 

o 

o 

O 

9 

7 

Ncm' York 

78 

65 

50 

8 

Connecticut 

16 

15 

10 

9 

New Jersev 

30 

25 

18 

]0 

Tennessee 

10 

9 

6 

13 

Pennsylvania 

69 

62 

41 

12 

Massachusetts 

31 

28 

17 

13 

DelaMmrc 

2 

1 

■ 1 

14 

District of 
Columbia 

8 

7 

4 

15 

Georgia 

6 

4 

• > 

16 

Kansas 

(i 

6 

3 

17 

Louisiana 

4 

3 

9 

18 

North Dahota 

O 

1 

1 

19 

Oregon 

4 

4 

2 

20 

South Carolina 

4 

•> 


21 

Texas 

18 

15 

9 

22 

Vermont 

2 

1 

1 

23 

California 

25 

25 

12 

24 

ISIaryland 

13 

11 

6 

25 

Colorado 

9 

7 

4; 

26 

Indiana 

12 

9 

5 

27 

Washington 

12 

11 

5 

28 

Hlinois 

29 

26 

12 

29 

Iowa 

10 

6 

4 

30 

Nebra.ska 

10 

6 

4 

31 

Michigan 

21 

16 

S 

32 

Ohio 

27 

IS 

10 

33 

Wisconsin 

22 

14 

8 

34 

Minnesota 

13 

11 

4 

;^5 

Virginia 

i 

7 

2 

3G 

North Carolina 

8 

7 

2 

37 

Utah 

5 

4 

1 


63 63 
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w 

C3 CO W 

« g 

S O’ 

6i I « “ 

gggg 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

75.0 

100.0 

68.2 

78.9 

66.7 

66.7 

64.1 

76.9 

62.5 

66.7 

60.0 

72.0 

60.0 

66.7 

59.4 

66.1 

54.8 

()0,7 

50.0 

100.0 

50.0 

57.1 

50.0 

75.0 

50.0 

50.0 

50.0 

66.7 

50.0 

100.0 

50.0 

50.0 

50.0 

66.7 

50.0 

60.0 

50.0 

100.0 

48.0 

48.0 

46.2 

u4.o 

44.4 

57.1 

41.7 

55.6 

41.7 

45.5 

41.4 

46.2 

40.0 

66.7 

.40.0 

66.7 

38.1 

50.0 

37.0 

55.6 

36.4 

57.1 

30.8 

36.4 

28.6 

28.6 

25.0 

28.6 

20.0 

25.0 

16.7 

c 16.7 

16.7 ■ 

<>o •» 

0 

0 

0 

0 

0 

0 


18 


50.3 
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cially manifest if only the states with a considerable number of hos- 
pitals reporting arc taken under consideration. Missouri, a midwestem 
state, on the other hand, heads the list of states with a large number 
of hospitals reporting. 

In Table IV the use of etiological nomenclature in teaching hospitals 
is shown. These include hospitals directly under the control of medical 


Table rs’" 


Distribution by States of Teaching Hospitals Using Etiological Nomenclatoue 

OF Heart Disease 


reporting use OF ETIOLOGICAL 


NOMENCLATURE 


o 
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h-l 
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1 

Conneeticut 

1 

1 

1 

100.0 

2 

Indiana 

3 

3 

3 

100.0 

3 

Kansas 

2 

2 

2 

100.0 

4 

Louisiana 

2 

2 

2 

100.0 

5 

Massachusetts 

8 

8 

8 

100.0 

6 

North Carolina 

1 

1 

1 

100.0 

7 

Oklahoma 

1 

1 

1 

100.0 

8 

South Carolina 

1 

1 

1 

100.0 

9 

New York 

24 

23 

22 

91.7 

10 

Georgia 

4 

3 

3 

75.0 

11 

Maryland 

4 

O 

o 

3 

75.0 

12 

Pennsjivania 

17 

16 

12 

70.G 

13 

Missouri 

10 

9 

7 

70.0 

14 

California 

G 

6 

4 

6G.7 

15 

Hlinois 

12 

12 

8 

GG.7 

16 

Nebraska 

.5 

3 

3 

60.0 

17 

Wisconsin 

5 

4 

3 

GO.O 

IS 

Ohio 

11 

7 

6 

54.5 

19 

Colorado 

2 

2 

1 

50.0 

20 

Oregon 

4 

4 

2 

50.0 

21 

Tennessee 

4 

4 

2 

50.0 

22 

Texas 

4 

4 

2 

50.0 

23 

Virginia 

2 

2 

1 

50.0 

24 

District of 






Columbia 

7 

G 

3 

42.9 

25 

Michigan 

o 

O 

2 

1 

33.3 

26 

Minnesota 

4 

3 

1 

25.0 

27 

Iowa 

1 

1 

0 

0 

28 

Kentucky 

1 

1 

0 

0 


Totals 

149 

134 

103 

G9.1 
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»-4 

CO 


c? 


to 


CO /5 J 

d 5 5 


100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

95.7 

100.0 

100.0 

75.0 

77.8 
CG.7 
G6.7 

100.0 

75.0 
85.7 

50.0 

50.0 

50.0 

50.0 

50.0 


50.0 

50.0 

.33.3 

0 

0 


7G.9 


schools and affiliated institutions whose clinical facilities are available 
for teaching pui’poses. Practically all of the teaching hospitals, viih the 
exception of certain children’s hospitals, are on the list approved for 
intemeships. Inquiries were sent to 149 teaching ho.spitals. Kcplies 
were received from 134 hospitals, 103 of which indicated the use of. 
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such a classification. This comprised 69.1 per cent of the total, or 76.9 
per cent of those replying. All of the nineteen pediatric teaching hos- 
pitals replied to the inquiry. Fourteen, or 73.7 per cent, indicated the 
use of an etiological nomenclature. 

Ill eight of twenty-eight states (including the District of Columbia) 
every teaching hospital of wiiich inquiiies were made stated that it 
used some form of etiological nomenclature. On the basis of hospitals 
answering the questionnaire, all of the teaching hospitals in eleven 
states indicated the use of etiological nomenclature. 

Fi’oin the above it is evident that the most of the more progressive 
liospitals, especiall.y tliose engaging in clinical research and used for 
teaching jiurposes are emplo 3 dug etiological terms in diagnosing and 
recording eases of heart disease. It is difficult to see how it is possible 
to do otherwise and yet interpret clinical findings in the language of 
modem literature dealing with heart disease. 

There appears to be but slight relationsliip between the tj’^pe of owner- 
ship or control of hospitals and the use of etiological nomenclature of 
heart disease. State, municipal (including county), incorporated, non- 
profit association, church and fraternal hospitals, and those owned by 
private individuals emplo.y etiological nomenclature to about the same 
extent, the differences being determined b.y the section of the countiy 
and whether used for teaching or research purposes rather than bj’- any 
factors inherent in the type of control. This does not apply to smaller 
hospitals not included in this series. Most of these are mainlj’’ surgical 
ho.spitals, having relativel.v few medical cases. The records in such 
eases often leave much to be desired. Another exception not included 
in this series are the hospitals of the federal government. With the ex- 
ception of a few- isolated instances, none have adopted etiological classi- 
fications. In many government hospitals, notabl.y those of the Veterans 
Administration," the use of the etiological nomenclature of the American 
Heart Association is encouraged but is not the basis for official records. 
The United States Public Health Service employs an etiological nomen- 
clature in its research activities. 

The relationship between the use of etiological nomenclature and the 
size of a city is difficult to determine. In general, its use is more com- 
mon in the larger cities. Although there are exceptions, etiological 
nomenclature is more in vogue in the smaller cities wfiiieli are satellites 
of the larger medical centers or are the location of state universities 
wuth schools of medicine. In others its use is not so frequent as in the 
larger cities. In the hospitals in smaller towms the use of etiological 
nomenclature is definite^ less common. 

SUMIMARY AND CONCLUSIONS 

1. Four hundred eighty, or 32.9 per cent, of 1,461 general and chil- 
dren’s hospitals to wdiich inquiries wmre made indicated the use of 
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etiological nomenclature in diagnosing heart disease among in-patient 
admissions. Of 953 liospitals replying to the question about etiological 
nomenclature, 50.4 i)er cent stated that they used it. 

2. Among 572 hospitals approved for interneships by the American 
Medical Association, 288, or 50.3 per cent, of the total number, or 60.8 
per cent of the 474 hospitals from which replies were received, indicated 
the use of etiological nomenclature. 

3. Among 149 teaching ho.spitals, 103, or 69.1 per cent of tlic total, or 
76.9 per cent of the 134 from which answers were I’oeeived, indicated the 
use of etiological terminology. 

4. It is evident from the above that most of the more progressive in- 
stitutions have adopted etiological elassiheations. 

5. The extent to which etiological nomenclature of heart disease is 
used varies considerably in different sections of the country and among 
the several states. In general, it is more in use in New England and 
in the Middle Atlantic states than in other parts of the countiy. It is 
used to a greater extent in the larger cities and in their vicinity than 
in the more isolated and smaller communities. 

The author is indebted to Dr. Charles C. Wolferth, of tlic Robinette Foundation 
of the University of Pennsylvania for a number of helpful suggestions in the 
preparation of this paper. 
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A SUETEY OF HEAET DISEASE MOEBIDITY IN 
SAN PEANCISCO=n 

.1. 0. Geiger, j\LD., J. J. Sampson, M.D., Eoslyn C. Miller, and 

J. P. Gray, M.D. 

San Fr.vncisco, Calif. 

'^HE report herein presented is unique in that a municipal Depart- 
inent of Public Health recognized the importance of a sui’vey of 
heart disease morbidity and assembled its facilities for the collection 
of the main mass of these data. Eeports of heart disease morbidity are 
open to criticism on the grounds that case distribution even in the same 
geographical locality is heavily influenced bj’- many variable elements. 
Some of the most important influences we may enumerate as follows: 
the time of year of the report; the diagnostic ability of the physicians 
reporting and their adherence to certain standards of classification; 
the social status of the patients; the locale of the patient when seen, i.e. 
office, out-patient dispensary, clinic ward, home or i^rivate hospital room, 
and the limitations of the physicians’ practices or the case selection of 
special clinics or hospitals. 

In all of the reports previously assembled from various geograpliical 
locations, certain of these variables have been taken into account but 
in no instance, including our own, have all been controlled. In pre- 
senting this survey from San Francisco, we are comparing three groups : 
(1) cases reiiorted in a city- wide survey made bj* the San Francisco 
Department of Public Healtht; (2) patients reported in the single 
month of January, 1932, from the private office, home and hospital prac- 
tices of eighteen physicians with a known high level of diagnostic ability; 


*Prom the Department of Public Health of the City and County of San Francisco. 
tThe authors wish to acknowledg-e the assistance of Rosemary T. Kobes, of the 
San Francisco Heart Committee, Hilda F. AVelke, of the Division of Vital Statistics, 
San Francisco Department of Public Health, and of the staffs of the Out-Patient 
Clinics of the University of California and Mount Zion Hospitals for their active 
participation and for the data submitted by them for study ; and to express their 
appreciation to the various other agencies and individuals who participated and 
supplied reports of cases, particularly, to the San Francisco Heart Committee for 
its continued interest and stimulation, as well as the active participation of its 
members. 

JTwo surveys were conducted by the San Francisco Department of Public Health, 
the first for a period of three mo'nths beginning March 1, 1932, the second for one 
year from August 1, 1932. Blank forms were furnished by the Department in each 
of these surveys, to all physicians and all hospitals in the city. These forms (Table 
I) were for the purpose of recording certain facts in the case histories of heart 
disease patients and were to be returned to the Department of Public Health at 
regular intervals in postage-free envelopes. About 58 physicians reported immediately 
that they did not see heart cases and consequently could make no returns. During 
the first suiwey, 108 physicians and 8 hospitals made reports; in the second suiwey, 
133 physicians and 14 hospitals reported, with the result that about 3,300 cases were 
made available for study. A preliminarj’- review of these cases, however, disclosed 
many in' which essential information was lacking, and therefore it became necessary 
to discard them. Some duplications, also, were found, but a total of 3,141 cases re- 
mained upon which analyses and compilations wei-e made. In 1933, there were yn 
San Francisco 1,682 registered physicians, and the estimated population for the city 
for' the same year was 681,325. 


137 



138 


THE A3IERICAH HEART JOURNAL 


and (3) from the cardiac out-patient elhiies of the University of Cali- 
fornia and J\Iount Zion Hospitals, combined, in the same month of 
Januaiy, 1932. 

It is believed that certain consistent occurrences may be discovered 
for the community by agreement in these groups. 

Table I 

Departjient of Public He.vm’h Heart Disease Morbidity Study 

City and County of San Francisco 

Patient’s Initials Case Number 

(Use this number in your records.) 

Age Sex Pace Marital Status; S M W D 

Occupation Pesident? Nonresident? 

Patient previously treated for heart disease? If so, when? 

Heart disease in other members of familj'? 

Chief Complaint 

Rheumatic Fever S^^mdrome ; Acute RJieumatic Fever Chorea 

“Growing Pains” Other (be specific) 

Duration of Heart Disease Duration of Etiological Factors 

Diagnosis: 

1. Etiological: Coronary Arteriosclerosis or Degeneration H.Yperten- 

sion Rheumatic Fever Sj^iliilis Congenital 

Thyroid Functional Subacute Bacterial Endocarditis 

Other Causes (specify) 

2. Anatomical: Myocarditis: Infectious Degenerative 

Pericarditis: Acute With effusion Adhesive 

Valves: Aortic Mitral Triscuspid Pulmonary 

Insufficiency Insufficiency Insufficiency Insufficiency 

Organic Organic 

Relative Relative 

Stenosis Stenosis Stenosis Stenosis 

Acute Coronary Occlusion^ Involvement of great vessels and/or 

other heart lesions: (specify) 

3. Physiological: Congestive Failure (With dyspnea, edema, etc.) 

Angina Pectoris Arrhythmias (specify tj’pe) 

Fun ctional Capa city : 

1. Ordinary physical ability 2. Slight limitation 

3. Marked limitation 4. Complete physical disability. 

Cardiogram 

Date 

Use check (V) where possible. 

M.D. 

Address 

Certain local eonditioiis exist in San Francisco which might influence 
heart disease. The climate is moist but remarltably equable. For the ten- 
year period, 1920-1930, the average January temperature was 49.2° F.; 
the average July temperature was 59.9° F. In 1934 the average relative 
humidity, in per cent, for Janiiar}’' was 76, for July, 80, with an average 
for the 3"ear of 76. For comparison it maj’ be of interest to point out 
that in New York the mean temperature for Januaiy, in 1934, was 
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30.9° P., for July, 74.8° P. ; the relative liiiniidity, in per cent, for Janu- 
aiy was 73, for July, 75, vutli an annual average of 74. (The readings 
foi liuniiditv aie those taken sliortly after sunrise. In both cities there 
is a variation in the readings throughout the day.) 

It is commonly believed that typical acute rheumatic fever is much 
lower in its incidence in San Prancisco than in cities of the Middle West 
or on the Atlantic seaboard, of nearl}' equal latitude; as, for example, 
New York (40 dcgi'ees 48 minutes), Philadelphia (39 degrees 58 
minutes). Saint Louis (38 degrees 38 minutes), as compared with San 
Prancisco (37 degrees 47 minutes). It should be pointed out also, per- 
haps, that the rarity of the oeeurrenee of the rheumatic syndrome in 
ti'opical and subtropical regions is well recognized. 

There is a relatively higher percentage of Orientals and a lower per- 
centage of negro population in San Prancisco. Por the year, 1930, the 
negro population of San Prancisco, was only 0.5 per cent of the total 
population, while the Chinese constituted 3 per cent. In New York, on 
the other hand, the negro population was 4.7 per cent of the total 
population, and all other colored racial groups, including Chinese, 
were but 0.2 per cent. 

There is in the San Prancisco population group a somewhat greater 
percentage of elderly individuals, made up, in part at least, of those 
who migi’ate to Califoniia after retirement from moi'e active lives else- 
where. Table II shows the age composition of the population. 


Table II 


1930 

PER CEXT 
UNDER 15 YR. 

PER CENT 
15-44 YR. 

PER CENT 

45 YE. AND OVER 

York 

24.4 

54.5 

21.1 

San Francisco 

17.0 

55.0 


Los Angeles 

20.0 

GO.O 


Pasadena (1934) 

Under 45 yr.. 

Cl.2% Over 

45 yr., 38.8% 


Likewise, no inconsiderable number of individuals in ill health tend 
to migi’ate to warmer climates, and we may therefore find a large group 
of recurrent acute rheumatic fever patients here whose cardiac lesions 
have developed prior to the establishment of residence in this commu- 
nity. Of interest, also may be the fact that the region is recognized 
as one in which the incidence of endemic simple goiter and Graves’ 
disease is higher than average throughout the United States. 

In a letter to all licensed medical practitioners of San Prancisco on 
March 15, 1932, the Director of Public Health of San Prancisco 
informed them that from that date and for a period of three months, 
by regulation of the Department of Public Health, heart disease and 
acute rheumatic fever were made reportable. On August 1, 1932, this 
regulation was extended for the period of one year. At this time an 
explanatory letter and a supply of revised forms were sent to all regis- 
tered physicians and hospitals, enlisting their cooperation in the survey. 
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The revised form is shown in Table I. Tlie data whicli we hoped to 
obtain from these forms are apparent. Certain checks on the diagnoses 
are permitted by the data given, as, for example, the electrocardiogram 
findings. Uncomplicated hypertension was entered as distinct from 
arteriosclerosis, uncomplicated and Avith hypertension, and the fimc- 
tional capacity was defined rather tlian offering the American Heart 
Association’s classification of 1, 2a, 2b, and 3, Avitliout explanation. 

The material from these sources Avas assembled separately as (1) the 
preliminary survey of March 15, 1932, to June 15, 1932, and (2) the 
final suiwey of August 1, 1932, to August 1, 1933. All the ‘ data Avere 
used in compiling Table III and column (c) of Table IV, but because 
of certain changes in the forms used beginning August 1, 1932, Avith 
certain indicated exceptions, only the second survey of 2,270 cases Avas 
used for Tables V, VI, VII and VIII. 

An attempt Avas made, in anah'zing the returned fomis, to determine 
Avhether the agent responsible for the cardiac incapacity Avas (1) 
unquestionably the primary cause, (2) a doubtful agent, or (3) defi- 
nitely a secondary or comi)licating cause to another primary cardiac 
disease. Only fiA'e of the etiological groups are included in these 
assembled data as shoAATi in Table III. 


Table in 



FRANK 
FACTOR (%) 

questionable’ 

FACTOR (%) 

SBCONPARY 
FACTOR (%) 

Congenital 

88.8 

3.6 

7.6 

Rheumatic fcA’er 

74.0 

11.8 

13.6 

Syphilis 

59.7 

G.S 

33.5 

Tliyroid 

54.3 

14.1 

31.0 

Arteriosclero.sis 

57.0 

6.2 

36.8 


Arteriosclerosis, syphilis and thyroid disease are sIioaati to be fre- 
quently complicating diseases. This is of special interest in thyro- 
toxicosis in Avhich opinion is generally in agreement that damage from 
that source is rarely pennanent unless superimposed on underlying 
cardiac damage. 

Consideration of Table R' rcA’cals that there is a remarkable agree- 
ment in certain etiological groups betAveen the A\'-ell-conti’olled surveys 
in columns (a) and (h), and the definitely uncontrolled survey of 
physicians and clinics of unknoAA'ii diagnostic capacities in column (c). 
This leads one to the impre-ssion that the entire suivey probably repre- 
sents a fairly reliable index of the proportionate incidence of the various 
types of heart disease in San Francisco. 

The tAA'o clearest discrepancies in these three groups are ; in syphilitic 
heart disease, Avhieh, as expected, is found to be less frequent in the 
higher social group under the care of priAmte physicians than in the 
clinic group; and in thyroid heart disease Avhieh is probably less AA-ell 
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recognized by the general practitioner tlian by tlie Avell-trained diag- 
nostician. The incidence of thyrotoxicosis may vary in different social 
groups, but these data only suggest such a possibility. 

An explanation of certain etiological classifications in Table IV is 
nceessaiy. Under ‘'rheumatic fever” are included all cases with defi- 
nite histories of rheumatic fever, “growing pains” or chorea, as well 
as mitral stenosis of doubtful etiology. Under “thyroid” are entered 
those cases wdth definite thyrotoxicosis. Only two examples of “myx- 
edema heart” were reported in the sei’ies, and these have been placed in 
the “miscellaneous” and “unclassified” gvoups. The cases demonstrat- 
ing frank, presumably uncomplicated, hjq^ertension have been placed in 
a separate and distinct category from the arteriosclerosis* group, which 
includes cases in which there "was evidence of elevation of blood pressure 
as weU as uncomplicated coronary arteriosclerosis. Included in the 
arteriosclerosis and hypertension groups were the following percentages 
of those eases of acute coronary artery occlusion under active care: 
17 per cent in the controlled one-month physicians’ suiwey, 3 per cent 
in the one-month clinic survey, and 5.6 per cent in the second city-wide 
survey, with approximately 2.5 per cent incidence in each category. 

In the various groups, chiefly the “miscellaneous,” are included 
thirty-t-wo eases of pericarditis, grouped as follows: in the one-month 
controlled private plysician survey were seven eases of acute peri- 
carditis and one of adhesive pericarditis,* in the one-month controlled 
clinic survej’’ were one acute pericarditis and two adhesive pericarditis 
cases; in the second city- wide suiwej’’, of 2,270 cases, were thirteen eases 
of acute pericarditis, two of tuberculous pericarditis and six of adliesive 
pericai’ditis. The total incidence w^as 1.2 per cent. Undoubtedly some 
of the adliesive pericarditis cases are of unrecognized tuberculous origm. 

Scarlet fever was credited as the etiological factor in eleven eases, 
giidng an incidence of 0.41 per cent, in 2,664 cases representing all but 
the first city-wide survey. Diphtheria was given as a cause in seven 
cases, an incidence of 0.26 per cent, in this same total number of eases. 

Cases of emphysema with evidences of pulmonary aiferiosclerosis 
formed a large portion of the group of cor pulmonale. The high in- 
cidence in the one-month clinic survey is due to tlie special study of an 
assembled group of patients presenting this Uqie of heart disease, m 
both the University of Califoniia and Mount Zion clinics. 

Other causes of cardiac damage, such as trauma, I’arer infections, 
intoxication and neoplasms, are included in the miscellaneous group. 
The “functional” classification includes effort syndrome and arrhyth- 
mias without other evidence of cardiac disease. 

In comparing tlie incidences of the various etiological groups with 
those obtained in the East,, in the Middle West, in the Eocky Mountain 

•This term is being: replaced by "coronarj- arteriosclerosis” in classification .scbenic.°. 
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distiict, ill the South, and in tlio Norlhwest/'^^ certain imnsual char- 
acteristics occur in tliis survey of San Francisco. The frequency of 
congenital heart lesions is much higher (5.5 per cent) than in^any 
picvioiis sun ej . This higli percentile incidence has likewise occurred 
in a suiwey now under wa.v on tlie morbidity of heart disease in the San 
Francisco cliildren of the seiiool and prcseliool groups, and is probably 
due to the relative infrequency of rheumatic heart disease in these chil- 
dren. This probably influenced the entire survey figures since one of 
the most faithful reporting sources of cases was the ]\Iunicipal School 
Cardiac Diagnostic Center. 


TJie data on congenital heart disease in Tables V, VI, and VII, show 
certain interesting characteristics; namely, the higlier incidence in 
females and the predominance in the lower age groups, which fact 
accounts for the relatively higher percentage in this group as compared 
witli otlier.s, of residents, of unmarried social status, and preschool and 
school occupations. The high percentage witli normal pliysical eapacit}* 
may mean that in some of these cases the diagnosis of congenital heart 
disease may have been made erroneously, a circumstance which may 
be another explanation of the high proportional incidence of this type 
of heart disease in the surve.v. This normal function in so man}’ cases 
may also be explained by the fact that many of these, seriously handi- 
capped because of congenital heart disease, die early in life. This like- 
wise explains, perliaps, the distiabution of cases according to duration, 
with many reported as under six months and again over five years, ndth 
a lower frequency in tlie intervening time intervals. 

AVith the exception of Texas, Oregon, and A^irginia, the reported and 
surveyed incidence of rheumatic heart disease in our study is definitely 
lower than in other American survc.vs. Seegal, Scegal and Jost^'^- have 
shown that the incidence of the acute rheumatic syndrome in various 
hospitals in the United States, diminishes in the lower latitudes, and 
many others have pointed out its relative infrequency in semitropieal 
and tropical countries. In Table Ay column 3, it is found that only 7S 
per cent of the rheumatic sub.iocts were residents. From other analyses 
of knomi cases in school children, it was found that residence was 
established in San Francisco not infrequently because the affected in- 
dividuals had acquired their rheumatism prior, to coming to California, 
and, indeed, the family often had migrated here because of the probable 
beneficial effect of the milder climate of this area. 

From Table A^ it will be seen that vahmlar involvement is practically 
universal in this group and that auricular fibrillation occurs in 13 per 
cent of the cases recorded. It is somewhat surprising that this table 
fails to show a higher incidence of heart disease in the families of 
patients with rheumatic involvement than in other etiological classes. 

In the assembled data of DaueF® on mortality rates of heart disease 
in various portions of the United States, a situation is found in Cali- 
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Tablk V 


(2,270 Cases Eepobtep in Second City-Wide Survey) 


STATISTICAL 

SUMMARY 


PER CENT IN EACH 
GROUP* 

SEN 

M 

C 

W 

M < 


U2 


C 


ANATOMICAL 

FACTORS 


o 


g « 

O 


Eh 

g 
K S 


5 i5 


CH M 

c § 

^ 5 

o < 
c a. 


PHYSIOLOGICAL 

FACTORS 


O 

CH 

o 

K 

g 

5 


, o 


o 

o 


Congenital 

42 

58 

92 

21 


21 

41 




Rheumatic fever 

49 

51 

78 

22 


95 

28 

0.3 

13 

1 

Bypliilis 

St) 

17 

78 

IS 

2 

35 

44 

7 

3 

2 

Thyroid 

)Subacute bacterial 

21 

79 

GO 

14 

— 

42 

19 

2 

17 

1 

endocarditis 

71 

29 

90 

19 


88 

3G 


18 

— — 

Miscellaneoust 

G9 

31 

SO 

21 


24 

52 



8 

4 

Arteriosclerosis 

GO 

34 

82 

23 

.0 

25 

40 

11 

12 

3 

Hj-per tension 

45 

55 

73 

20 

— — 

24 

31 

4 

11 

3 

Functional 

53 

47 

93 

23 

«... 

33 

4 



4 

Unclassified 

60 

40 


No analysis 

made 

in this 

group 



Total 

59 

41 

81 

22 

7 

48 

35 

7 

9 

1 


•Per cent based on total cases in each group, exclusive of those cases in -which 
the particular item of information was not stated. 

tMiscellaneous : This group includes those cases in which the etiological factors 
are named as Communicable Disease, Pulmonary Heart Disease, or Pericarditis. 


fornia similar to that in the southern states, as compared to north- 
easteiTi and east nortJi'Central states: in the former, the mortalitj' 
rates in tJie age group of 5 to 9 years are geiierally about one-third of 
the rates in the age group of 20 to 29 years, whereas in the latter states, 
tlie rates are approximately one-half. Thus, California from 1926 to 
1929 had a heart disease mortality rate of 8.0 per 100,000 in tlie age 
group of 5 to 9, and 25.1 per 100,000 in the age group of 20 to 29, 
whereas Connecticut had rates of 14.9 and 26.0, respectively, in tliese 
groups. For all ages California occupies a middle position, witli a mor- 
tality rate of 240 as compared to the higliest rate of 291 for New Hamp- 
shire and 110 in Tennessee, Mississippi, and Wyoming. As previously 
stated, in a survey now in preparation by some of ns on morbidity in 
San Francisco school children, tliere is an apparent striking increase in 
the incidence of rheumatic heart disease above the age of thirteen years, 
although the eommonest age of onset, as reported by Coomlxs and others, 
is seven years. 

That the disease takes insidious forms in Sail Francisco, as well as 
certain southern localities, seems probable, even tbougli the percentage 
of rheumatic heart disease iucidenee, as one among all types of heart 
disease reported in this survey, namel.v 22.2, is not strildngly lower than 
that found in .surveys in the Northeast and liliddle West. In our study 
the striking difference between clinic and private patient groups noted 







GEIGER. ET AL 


HEART DISEASK MORBIDITY IX SAX FRAXCTSCO 145 


ill many of the other surveys Ava.s not found, namely 20.6 per cent in 
clinic services and 21.0 per cenl in private cases. This may be due to the 
bcttei living conditions in poorer homes as found in this city, compared 
uith the conditions found in tlic more congested larger eastern cities. 
No comparable study of mortality in rheumatic heart disease has been 
made in San Francisco, but if the relation between the morbidity survey 
in 'V irginia, which showed 22 jier cent incidence, and the mortality 
survey by ITedley^-’’ in ad.iacent Washington, D. C., which showed 13.3 
per cent, obtains in San Francisco, then San Francisco probably has a 
mortality rate of this same magnitude, since our reported morbidity of 
22.2 per cent is almost identical with that for Richmond. 

A study of Table VI shows tiiat rheumatic heart disease has no un- 
usuai incidence in negro or Oriental races; that, of their youth a high 

Table VI 

f<TATlS'ncAL SUMMAKY 

(2,'J70 Cases KECoiiTEn ix Secoxd City-Wide Survey) 


tiiiocrs 


£ ^ 
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e a 
D a 

CC B 


01 

5 
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CO 

si 
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o 

00 

z 


K 




55 

o 

&? 

B 

1? 

D 


o 


Total cases 

analyzed 


134 

473 

179 

57 

21 

4o 

925 

163 

184 

2,181 1 

Color — Hacc 

tniite , 

93.S 

97.8 

97.3 

93.7 

100.0 

95,2 

100.0 

97.8 

93.9 

97.9 

97.3 

ISTegro 

0.6 

— — — 

0.6 

4.0 


4.8 

— 

1.7 

4.3 

— 

1.5 

Chinese 

2,6 

2.2 

1.7 

2.3 

— 

— 

— 

0.4 

0.0 

l.G 

1.0 

.Tapane.se 

1.0 

— 

0.4 

— 

— 

— 

— 

0.1 

0.6 

0.5 

0.2 

Other 

2.0 



— 

— 

— 

— 

— 

0.7 

O.b 

— 

— 

?fot stated 

— 

— 

— 

1.1 

0.8 

— 

— 

— 

— 

0.4 

Marital Status 
Single 

Married 

46.0 

88.8 

T0.2 

34.2 

16.5 

42.8 

34.1 

21.3 

16.0 

90.7 

38.8 

43.0 

9.0 

38.0 

38.8 

56.3 

47.6 

54.6 

43.2 

55.8 

7.7 

38.0 

Widowed 

6.9 

1.5 

8.6 

18.0 

21.8 

— 

6.8 

29.8 

21.2 

— 

18.2 

Divorced 

.3,1 

0.7 

3.2 

9.0 

5.4 

9.0 

4.5 

5,7 

7.0 

1.6 

5.0 

ISTot stated 

1.0 

— 

1.5 

0.6 

1.6 

— 

2.2 

3.2 

4.2 

1.1 

2.4 

Occupation 

Preschool 


28.7 

2.5 



— 

— 

— 

— 

— 

2.8 

2.8 

School 


.T9. 7 

27.5 



— 

15.0 

11.9 

— 

0.7 

86.1 

17.9 

Domestic 


8.5 

31.7 

23.9 

64.0 

20.0 

28.6 

29.7 

49.3 

7.0 

28.4 

Sedentary 




17.9 

25.1 

22.0 

25.0 

10.7 

27.6 

20.8 

1.8 

20.7 

Enquiring physical 

3.1 

20.4 

51.0 

14.0 

40.0 

42.8 

42.7 

23.2 

2.3 

30.2 

Not stated 


3.7 

5.7 

8.9 

12.3 

4.8 

6.7 

10.8 

15,3 

7.1 

9.0 


I’his likewise applies to Tables VII and VIII. , , , . ^ , 

tThis total does not include 89 cases not classified because of insufficient informa- 
tion. Total cases reported are 2,270. ... 
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percentage are unmarried; and that relatively few (20.4 per cent) are 
in occupations requiring physical labor. The functional capacity of 
those presenting evidence of rheumatic heart disease is almost equally 
distributed through the four grades (Table VII). Tlie duration of the 
disease in the higher age groups of over ten years is somewhat greater 
than that generally noted. Tlic age distrilnition (Table VIII) at the 
time of reporting is about as expected, with 58.3 per cent of the cases 
between the ages of ten and forty years, with a rapid increase in number 
up to the age of ten and a slow decrease after the age of forty. 

S^'^philitic heart disease is about as common as found in other surveys, 
except in those cities in which the population includes a large negro 
group. As seen in Table VI, the reported incidence in negroes in Sau 
Francisco is fairly high in this survey. Because 83 per cent are males, 
the unmarried social status and the high percentage of physical laborers 
are expected (Table VI). The short dnration in many eases is somewhat 
unusual, but these data probably refer to the time interval since the 
onset of sjnnptoms and do not consider the fact that about 30 per cent 
of the subjects have probably had the disease itself for a period of more 
than five years (Table VIII). The high percentage of complete in- 
capacity is not remarkable in a disease so rapidly fatal after the onset 
of symptoms (Talflo VII). No reported case was obseiTed in a person 


Table VII 

Statistical SuMiiAnv 

(2,270 Ca.ses Reported in Second City-Wide Sor\'e\") 


Gl!OUr.S 
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ag E 

‘I tH 
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o 




w 

D 

o 

w 

is 


o 

m 






o 

D9 

g 

g 

W 

cu 




o 

H 

O 

% 




o 

£- 


Functional Capacity 


Ordinary pliy.sical ability 

G1.9 

22.3 

13.0 

Slight limitation 

18.G 

28.4 

20.0 

Marked limitation 

11.5 

28.2 

24.4 

Complete plij's. disability 

8.0 

21.1 

36.0 

Not stated 

15.7 

20.7 

31.3 

Duratian of Disease 




Under 1 mo. 

10.0 

4.0 

3.9 

1 to G mo. 

14.9 

9.3 

28.9 

7 to 11 mo. 

2.1 

1.7 

5.4 

1 JT. to 2 JT. 

S..5 

9.0 

11.7 

2 yr. to 3 jt. 

G.4 

8.7 

15.6 

3 yr. to 4 yr. 

2.1 

8.5 

9.4 

4 yr. to 5 yr. 

G.4 

5.1 

4.7 

5 to 9 yr. 

19.2 

17.0 

10.2 

10 yr. and over 

29.8 

30.1 

10.2 

Indefinite — not stated 

G4.8 

25.2 

28.5 


10.6 


15.4 

7.2 

20.7 

91.5 24.4 

38.7 

21.4 

15.4 

24.4 

25.2 

6.8 23.0 

30.5 

42.8 

23.0 

28.4 

35.5 

1.1 24.8 

14.2 

35.8 

46.2 

40.0 

18.0 

0.0 27.8 

14.0 

33.3 

13.3 

22.8 

17.2 

4.3 20.3 

5.3 

8.3 

10.0 

8.8 

5.0 

5.3 6.8 

10.6 

25.0 

10.0 

20.0 

15.9 

26.4 17.3 

5.3 



3.5 

0.5 

5.3 3.4 

1.3.3 

25'.0 

12.0 

18,6 

18.7 

20,9 14.9 

10.6 

8.3 

4.0 

13.8 

12.3 

,5.3 11.7 

lO.G 


12.0 

6.3 

13.0 

15.8 7.9 

10.6 

8’..3 

12.0 

0,0 

2.8 

5.3 5.0 

21.3 

25.1 

4.0 

14.1 

17.7 

10.4 15.0 

13.4 


24.0 

8.9 

7.5 

5,3 17.4 

33.3 

42.8 

44.4 

38.4 

34.3 

89.7 40.3 
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iiiKler flic age of t,wcnl,y years, and the peak of frequency, as expected, 
was in tlie fifth and sixth decades of life (Table ^aII). The report of 
3 per cent of auricular fibrillation (Table V), an extremely high figure 
foi Inioun cases of syphilitic heart diseases, leads one to believe that 
either arteriosclerosis or the rheumatic fever virus may liavc caused the 
heart damage in these cases, and a superimposed positive lYassermann 
reaction led to an erroneous diagnosis. The frequency of occurrence 
of valvular lcsions(aorlic and relative mitral insufficiency), angina 
pectoris, and auriculoventricular heart-block is not remarkable. 

Tahi.e VIII 
Age Dis'itibutiox 

('2,270 Case.s Pepoktep ix Brr-oxp Citv-Vipe Survey) 






GROUP.S 

o 

h 

v.O 

5 

7 . 

O 

o 

< 

o 

2 

S 

>- 

X 

i 

o 

JT* 

SUDACUTE PACT. 
ENDOO.\mnTIS (% 

w 

D 

O 

s 

s 

« 

o 

cc 

ARTERIOSCLEROSIS 

o 

Eq 

% 

a 

g 

s 

B'UNCTIONAL (%) 

TOTAL (%) 

Unflcr 5 vr. 

0.1 

21.0 

1.3 

... 

___ 

... 

... 

___ 

___ 

5.5 

2.0 

p- 9 rr 

0.9 

30.S 

0.4 


^ 

— — 

4.6 


0.6 

19.2 

5.0 

lO-l-l vr. 

0.7 

22.(3 

11.1 

.... 



4.(5 

— 


38.5 

7.1 

10-19 vr. 

0.7 

10.5 

lO.S 



25.0 

4.5 

...... 

...... 

25.2 

5.3 

20-24 vr. 

9.4 

3.0 

8.9 

0.0 

7.3 

10.0 

6.8 

0.1 

1.2 

0.5 

2.7 

20-29 vr. 

10.2 

4.5 

9.2 

1.7 

1.8 

10.0 

4.0 

0.1 

2.5 

1.6 

3.0 

20-04 yi-. 

9.8 

O.S 

8.2 

1.7 

7.3 

5.0 

4.(5 

0.4 

3.0 

0.5 

2.7 

.■5.0-}4 vr. 

i<s.;; 

,5.‘2 

l.S.l 

14.(3 

21.8 

25.0 

18.2 

5.0 

12.3 

3.0 

Q.9 

Ip-.pI vr. 

14.1 


14.2 

30.3 

23.(5 

20.0 

20.4 

20.7 

30.0 

3.5 

18.2 

.05-(>4 vr. 

.$..2 

O.S 

7.0 

20.5 

25.5 

5.0 

25.0 

34.6 

20.3 

1.0 

21.8 

00-74 vr. 

4.0 

O.S 

3.2 

11.8 

12.7 

— — — 

6.8 

2S.9 

26.4 

1.5 

16.3 

75 j'r, or over 

1.2 


0.9 

2.8 






10.2 

3.7 

— 

4.9 

Unknown 

1.3 

0.7 

0.2 

O.G 

0.4 

4.8 

2.2 

l.S 

— 

1.0 

1.2 


The incidence of thyroid heart disease shows an unusual discrepancy 
between the controlled and uncontrolled divisions of this survey (Table 
IV). The figure for the total resembles the figmres obtained in other 
surveys. Perhaps the difference can be interpreted as due to a variable 
degree of diagnostic acuity in the two groups of physicians reporting. 
ipjiQ j«gQQgj;ji 2 ed predominance of females over males is shown also in oui 
figures, in which a ratio of nearly 4 to 1 exists (Table V). ^ Many of the 
patients w'ere nonresidents. Auricular fibrillation, occuiiing in 1/ per 
cent of these patients, and hypertension, occurring in 26 per cent of the 
ca.ses, are common complications. Functional capacity was appieciablj' 
liigh. The incidence of valrmlar involvement to the extent of 42 per cent 
probably represents relative valvular insufficiencies. The age distribu- 
tion (Table YIII, through middle life confirms the belief that there is 
a good possibility that coronary aideriosclerosis to some degree is not 
infrequently’" an aceompanydiig factor in severe thyrotoxic disease. 
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Of the 33 cases of subacute bacterial endocarditis, 19, or 58 per cent, 
had rheumatic heart disease and 2, or 6 per cent, had congenital heart 
disease. Eighteen per cent of the patients are reported as having auricu- 
lar fibrillation (Table V), which is far above the common experience, 
and 41.7 per cent of the eases were reported as over two years in dura- 
tion (Table VII). The former finding is difficult to explain unless some 
of these were eases of recurrent .subacute rheumatic heart disease, or 
cases of streptococcic septicemia of other types than Streptococcus 
virida7is. The unusual number of prolonged eases of the disease is prob- 
ably due to a misundei’standing by the reporting physician who gave 
the duration of the underljdng I'heumatic or congenital heart disease 
rather than that of the active endocarditis. The age distribution is 
characteristically in late .youth and early middle life (Table VIII), and 
the selection by occupation, social and racial status is not remarkable, 
except the apparently high incidence in the negro (Table VI). It is un- 
wise to attempt to draw further conclusions from such a small series of 
eases. 

In the “hypertension” group (Table IV) it is remarkable that 6.8 
per cent of the total are reported without note of obvious aiderioselerotic 
involvement of the coronary arteries. Probably these cases should be 
disregarded as a separate group since there is reported in Table V the 
occurrence of congestive failure, angina pectoris, and auricular fibrilla- 
tion, which must represent coronai’y arteriosclerosis in some of these 
patients. In other respects, this group parallels the characteristics of 
the coronary arteriosclerotic group. Other than the hypertension group 
just discussed (Table IV), 36 per cent of the cases in the arteriosclerotic 
group have recognized hypertension as a secondary diagnosis. Thus of 
all eases of arteriosclerotic and h.ypertensive heart disease in this series, 
46 per cent have recognized hypertension underlying the coronary 
arteriosclerosis. This is lower than the e.stimate of Fahr®‘ that 75 per 
cent of all patients vdth coronarj’" arteriosclerosis liave or have had 
hypertension. Our figure of 46 per cent does not include a minor figure, 
1.6 per cent of the reported cases that had hypei’tcnsion as a complica- 
tion of rheumatic, thyroid, or s,yphilitie heart disease. 

The “coronary arteriosclerosis” group, constituting with the hy- 
pertension group 46.4 per cent of all reported cases, has a frequency 
approximating the incidence reported in other surveys. This is the 
group which represent.s the greatest apparent recent increase in 
heart disease in the United States. As .stated b.v Cohn-- and others, 
this is not only due to the saving of lives from infectious diseases in the 
early decades, b\it also to the recent downward trend in diagno.ses by 
practicing physicians, of other degenerative diseases, such as arterial 
disease, including cei-ebi’al thrombosis, chronic nephritis, cerebral hem- 
orrhage, and senility. The.se rtends are illu.strated for San Francisco 
b.v Table IX, showing the aging population, and b.v Pig. 1, iu which 
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T.VBRE IX 


S.\K Fkan CISCO: .-Vge CoMPosrnoR op Populatiox 


WEAK 

CNDER 45 YR. 

45 Y’R. AXP OVER 


so% 

20% 

1920 

7(5% 

24% 

1930 

72% 

28% 


tliere is a defiiiile increase in heart disease as a cause of death during 
tlie last decade, but practically no change, and even a slightly dovni- 
ward curve, in the comliined group comprised of all degenez’ative dis- 
eases. This is likewise shown in Table X, where the heart disease death 



Fig; l.~San Francisco-mortalily from degenerative diseases, and heart disease 1925 

to i w V 4 » 


lor the younger ages deeroaso in 3924 and 1934, whereas the death 
S t all t-lncrckse from 259.6 to 316,7 per 100.000 populataom 
gain the inflnence of an aging population on siieh eriidc death rates 
shown on comparison of these data with standardwed rates (Table 
I), ill which an adjustment has been made to the standard population 

;e distribntion.^® « p u- 

A review of Table V shows no unusually high frequaicy of family his- 
ry of heart disease in the “eoronaiy artenosolcrosis or hypeitei - 
on” groups. The incideiioe of 11 per eeiit of angina pectoris m the 
rmer group agrees with most of the other surveys, as does the 13 pe, 
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cent of auricular fibrillation and the 3 per cent of heart-block. The rather 
low incidence of hypertension among Orientals (but high among 
negroes) is of interest. For closely similar age distributions in the 
hypertension and the arteriosclerosis groups the degree of incapacity 
is higher, perhaps, in the latter, than might be expected (Table VII). 
It is noted, also, that a rather high proportion of these patients are en- 
gaged in occupations requiring physical labor (Table VI). 

Table X 

Heart Disea.se San Francisco, 1924-1034 


(Specikic Death Kates per 100,000 in Age GRonp.s) 




MAT.E 

1 

1 

female 


AGE GROUP.S 


1924 

1934 

1 

1924 

19.34 


deaths rate 

deaths rate 1 

1 deaths rate 

DEATHS KATE 

Under 35 vr. 

40 

28.1 

32 

18.0 

43 

28.02 

31 

17.0 

33-44 yr. * 

44 

73.2 

92 

133.9 

35 

75.1 

30 

03.3 

45-54 yr. 

123 

294.2 

251 

405.4 

05 

208.7 

73 

171.4 

55-04 vr. 

215 

907.0 

329 

1009.3 

118 

002,2 

170 

078.8 

()5-74 vr. 

271 

2987.9 

351 

2435.1 

130 

1538.09 

270 

2027.4 

7n vr/or over 

180 

0092.3 

259 

0209.0 

187 

5210.1 

274 

5700.0 

Unknown ! 

1 

38.9 
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All ages 

880 

293.00 

1314 

359.10 

578 

220.9 

800 

208.29 

Total deaths 

1 1924—1404 

Kate: 

259.0 

19 

34—2174 

Bate : 

310.72 

(Heart disease) 

1 









Table XI 

Cp.ude and Standardized De.\th Eates Heart Disease in San Francisco 
(Per 100,000 Population) 


YEAR 

CRUDE KATE 

STANDAItDIZED RATE* 


241.88 



305.43 



Population of England and 'Wales, 1921 AVhipple Vital Statistics, Second Edition, 
Pages 192, 193; 296, 297. 


The greater frequency of females in the uncomplicated hypertension 
classification, as compared to the higher incidence of males in the 
“arteriosclerosis” group might be exiilained by delayed iiroduction of 
.sj’mptoms in the more sedentary life of the women (Table V). 

The percentage of cases of functional heart disease reported was not 
high, even in the private practice group, iirobably because they were 
excluded as cases of true heart disease. Of those reported 88.4 per cent 
were in persons under the ago of twenty years (Table VIII), a fact 
jierhaps satisfactorily explained on the basis of the eirculatorj" instabil- 
ity of the adolescent period, especialh- with the large numbers reported 
from the Depaitment of Public Health School Cardiac Diagnostic 
Center. 

susimary 

Ihe etiological classification of 3,535 cases is xiresented, divided into 
three brackets, namely, the jirivate ho.spital and ofiice patients of phy- 
sicians of known diagnostic ability; the patients from two well-con- 
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trolled cardiac oiit-paticiit clinics; and a city-wide group of patients 
reported from hospitals and offices by an uncontrolled group of physi- 
cians of San Francisco, on an order of the Director of Public Health 
making heart diseases and the rheumatic fever syndrome reportable 
for fifteen months. Consideration is given to the reliability of the data. 

The data from 2,270 cases reported during the last year of the 
San Francisco Health Department survey, and in many instances from 
the whole 3,535 eases, have been assembled for detailed study. This 
includes for the various etiological groups the incidence of sex, race, age, 
residence in San Francisco, marital status, occupation, familial heart 
disease, valvular involvement, congestive heart failure, angina pectoris, 
auricular fibrillation, auriculoventrieular heart-block, functional capac- 
ity, and duration of disease. 

A comparison is made between findings in the sur\"ey reported herein 
and those of others previously reported by various authors. The most 
interesting conclusion drawn was that, in ' San Francisco where the 
acute rheumatic fever .smidrome is uncommon, the general incidence of 
rheumatic heart disease is approximatel.y the same as that seen in 
private practice in Boston and New York, although definitel}^ lower 
than in clinic practice in these eastern centers of population, 

Note. — T he survey of the rhciiiiiatic fever sj^adrome vithout rheumatic heart dis- 
ease was unsatisfactory. Only fifty-one cases were reported having acute rheumatic 
fever, chorea, and/or growing pains witliout valvular heart disease in the 3,141 
reports to the Department of Health. 
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EHEIBIATIC FEVER IN NORTHERN CALIFORNIA* 

Amos Christie, M.D. 

Sax Fraxcisco, Calif. 

It is a common oliservation among- western clinicians that rheumatic 

fever and lieart disease are nsnally rare and that the rheumatic infec- 
tion itself is of milder nature than that seen in Eng-land or in the 
eastern United States. Some explanation for this impression should he 
advanced, but strangely enough is not available in the medical literature. 

An analysis of two groups of eases was undertaken to determine the 
true incidence of the disease. 

The first group was examined at tlic Cardiac Center of the San 
Francisco Department of Health.^ The survey of data for this group 
reveals one outstanding feature — the incidence of congenital heart dis- 
ease is surprisingly liigh in San Francisco scliool and preschool children. 
Fifty per cent of all organic lesions are those of congenital heart dis- 
ease. This percentage is a marked contrast to the 12 to 20 per cent 
usually quoted in statistics from the East. The conclusion to be drawn 
from these figures is that because there is no valid reason why con- 
genital heart disease sliould be more frequent in San Francisco than in 
Boston, tlie incidence of rheumatic fever must be correspondingly low. 
This impression lias been corroborated by Richter- and by Sampson. 

Observations of the second group were made between October, 1930, 
and October, 1935, on 117 patients admitted to tlie pediatric wards of 
the San Francisco and University of California Hospitals and to the 
ChildreiUs Heart Clinic of the University of California Out-Patient De- 
partment. Complete studies including roentgenograms, fluoroscopy and 
electrocardiograms were made whenever possible. The same studies were 
made in the out-patient department group, though for obvious reasons 
■without the completeness possible for hospitalized patients. Follow-up 
work has been done during the entire five-year period and has materially 
aided the diagnosis. The follow-up visits are made by the nurses as- 
signed by the Visiting Nurses’ Association to cardiac cases. 

I have tried to compare my findings with those reported by workers in 
England and in northeastern United States in an effoit to inteipiet the 
results of this study. Comparisons with local figuics aie piactically im- 
possible for studies of this type have not been attempted in northern 
California. This is ,a statistical summary, but it is hoped that the figures 
will prove interesting and will call attention to the status of rheumatic 
infection in California. 

•Prom the Department of Pediatrics Cardiac Clinic. University of California 
Medicfil School, San Francisco. 
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Hospital Incidence (TaMe I ). — It is somewhat surprising to find the 
hospital incidence of rheumatic infections relatively high in a communitj’’ 
where the disease incidence has been observed to be low as is substantiated 
by the available epidemiological data on school children. The data in 
Table I reveals the hospital incidence to be double or triple that of similar 
general and teaching hospitals elsewhere, and even the pediatric wards, 
which always have a high percentage of infants, have a remarkably hi"h 
incidence of rheumatic infection. The reasons for this discrepancy will 
not be apparent without further epidemiological study, but the answer 
may be among the following ; First, the hospital incidence is markedly 
increased by the numbers of people Avho emigrate to California for their 
health. However, this explanation is pai’tiallj’- refuted by the low inci- 
dence of rheumatic infection in Los Angeles. Second, the low school 


Table I 

Hospital Incidence 


HOSPITAL 


PEP.CENTAGE OF TO- 
T.VL MEDICAL CASES 
OF PvUEUSIATIC FEVER 
AND CHOREA 


Johannesburg, South Africa (European patients^) 5.80 

Glasgow Eoyal Infirmary, Scotland^ 4.74 

University of California Medical Service 3.79 

San Erancisco Hospital^ 3.75 

University of California Pediatric and ^Medical Services 3.44 

London Hospital, England'i 2.75 

University of California pediatric wards 2.50 

Bellevue, New Torlv* 1.50 

Peter Bent Brigham, Boston^ 1.30 

Barnes, St. Louis^ 0.47 

Los Angeles County GeneraB 0.44 

University Hospital, Augusta, Georgia'* O.OS 


incidence and the high hospital incidence may indicate that we are deal- 
ing with forms of rheumatic infection, which after an apparently typical 
onset and course become benign and are not recognizable in routine school 
examinations. This seems a probable explanation and is one which is 
applicable to scarlet fever, which by epidemiological fact, is more benign 
in California. Tlie second explanation appears the more likely in view 
of the evidence which vdll be presented. 

Family History (Table II ). — Family nifluence is well recognized in the 
rheumatic infection and has been observed by many in this eountiy and 
in Europe. 'Wliether this represents a distinct contagious element, in- 
hoxatance of the susceptibility, transference of an obscure immunological 
response from mother to child, or the presence of some dietary deficiency 
in the whole family, as suggc.sted by Einehart,'^ is a matter for sufficient 
speculation to intrigue a coi’ps of experimental and epidemiological 
workers. An undei'standing of the role of these fiictors will do much to 
solve the etiological puzzle. A positive family history is present in 32.4 
per cent of my 116 eases, which corrasponds to the 29 per cent reported 
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by St. Lawi’eiice® in this countiy and the 40 per cent reported by Poynton 
and liis associates." The agreement with the figure of Findlay^ (34.7 per 
cent) is obvious in Table II. '• '' 

Table II . . ' 


EHEU.MATIC IKEECTIOX — ^POSITira PAniLT IIlSTOKA' 


PLACE OBSERVED 

PATIENTS 

PATIENTS WITH 
POSITIVE 

FAIIILV HISTORY 

PERCENTAGE 
POSITIVE FAM- 
ILY HISTORY 

University of California 

46 

15 

32.6 

Pediatric Department 

University of California 

47 

16 

34.0 

Children's Cardiac Clinic 

San Francisco Hospital 

23 

6 

2S.S 

Pediatric ward 

Total 

116 

37 

32.4 

Leonard Findlay’s Surveys 

701 

243 

34.7 


Sex Incidence (Tables III and IV ). — Sex incidence is hardly to be 
considered of epidemiological importance, and yet a widely known fact 
is that the rheumatic infection occurs slightly more frequently in the 
female than in the male as is shomi in Table III. 

Table III 

Eiieumatic Ixfectiox — Sex Incidence 


PLACE OBSERVED 

PATIENTS 

MALE 

FEMALE 

University of California 
Pediatric Department 

46 

16 

30 

Universit}” of Cahfomia 

Cliildren’s Cardiac Clinic 

47 

24 

23 

San Francisco Hospital 
Pediatric Ward 

23 

16 

7 

Total 

116 

56 

60 

Patio Male to Female 

f San Francisco 
i Findlay 

1:1.07 

1:1.09 



Table also reveals that chorea is at least two and a half times more 
frequent in girls than in boys, an observation v'hich is fairly constant 
throughout the world. 

Table IV 


Chobea: Sex Incidence 


PATIENTS 

MALE 

FEMALE 

RATIO 


SAN FRANCISCO 

FINDLAY 

2S 

8 

20 

1:2.5 

1:2.8 


Age Incidence (Fig. 1 ). — Numerous recent reports are available in the 
literature to refute the old idea that rheumatic fever does not occur be- 
fore the third year. Noteworthy among these reports is that of ]\lcln- 
tosh and Wood.^ Findlay® does not report a patient whose onset .was 
under three years of age and my series includes no case recognized before 
three j'ears of age. Yet there were observed, in my service of 106 eon- 
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s6cu.tivG TliGtiiTiutic cliildi'Cii under twelve 5 grts of JoCj 14 cliildieii 111 
whom the onset Avas before five years of age. This constitutes 13.2 per 
cent as compared wdth 12 per cent rcpoiled by Poynton^” in a similar 
age group. 

Figure 1 is a graphic representation of the age incidence in my group 
and Findlay’s.® Although mine is a much smaller group, the similarity 
in the cuiwes is remarkable, both reaching their peak at seven years of 
age and falling rapidly to fourteen years of age. In Findlay’s series, 

RHEUriATIC INFECTI0N5-AGE INCIDENCE 

AGE IN YEARS 


5. 3 -1 S 6 T e S 10 II JS. 15 M JS /6 



52.2 per cent occurred betAvecn the seventh and tenth years, Fig. 1 
reveals that 54.5 per cent occurred in the same period in the northern 
Califoniia series. 

The value of the information is twofold. Finst, our diagnostic ability 
is improved by knoAvledge of time of onset; and second, although 
rheumatic disease undoubtedly tends to increase in incidence after five 
years of age, onset of the disease before that time is of considerable 
prognostic importance. Carditis is most likely to occur in the young 
and is likely to be severe and even fatal in those under five veal’s of age. 
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Seasonal Incidence (Fig. 2 ). — Tlic scope of this paper docs not warrant 
a discussion of tlie climatology of the rhenmatic infection as that factor 
presents an epidemiological problem in itself. The geographical distribu- 
tion and the fact that, rheumatic fever in the tropics is practicall}’’ absent 
is well known. The various factors involved in this distribution are 
not well undei’stood; but, since it is known that dampness and chilling 
constitute two major contributoiy factors, it is not difficult to realize 
why the peak in the northeast cm section of this country occurs during 
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RHEUMATIC INFECITONS 
5EA50NAL INCIDENCE 
35 CASES 


JANUARY 16 

FEBRUARY 
MARCH T 

APRIL 13 

MAY 9 

JUNE 5 

JULY 4 

AUGUST 6 

SEPTEMBER 6 
OCTOBER 7 

NOVEMBER 7 

DECEMBER 6 

TOTAL 35 


Fig. 2. 


the first three to four months of each year, while that in the British 
Isles occurs in September, October and November. A study of vital 
statistics” seems to substantiate this assumption. 

A surprising peak in onset incidence in northern California following 
a cold and damp December, January, and February is shown in Table 
V, and I believe this undoubtedly accounts for the difference in incidence 
between Findlay ^s seasonal incidence curve and that of northern Cali- 
fornia. It can only be surmised what benefit these facts are in determin- 
ing the etiology of rheumatic fever, ‘Wliether the cold damp season, -with 
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its increased incidence of respiratory hifeetions, implies an infections 
etiology* beeanse of changing blood supply of tissue, or whetlier the 
general susceptibility of the body is lowered, are questions wliieli con- 
tinue to intrigue the immunologist and clinician. 


Table V 

Aveuage Mean Tesipeiiature by Months fob Years 1932, 1933, and 1934 in San 

Francisco 


.Tan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

49.3 

52.7 

57.7 

56.8 

5S.0 

59.2 

59.7 

60.5 

62.6 

62.1 

59.7 

50.2 

Average Precipitation in 

Inches by Months fob Years 1932, 1933, 
San Francisco 

, AND 1934 IN 

Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

3.31 

2.93 

1.28 

0.34 

0.71 

0.24 



0.09 

0.79 

1.5S 

3.66 


The Rheumatic Infection — Types of Onset (Tables VI and VII ). — • 
The manifestations of rheumatic infection at the onset vary widely: 
each type is illustrated in the accompanying Table VI. The manifesta- 
tions at onset can be divided into those of primary and secondary im- 
portance, with poljmrthritis, chorea, carditis, and subcutaneous nodules 
comprising the former. Because tonsillitis was present in such a high 
percentage of my cases, I would like to include this among those mani- 
festations of greatest importance. Scarlet fever, erythema, growing 
pains, extrasystoles, abdominal pain, and purpura arc of secondary 
importance. Pathologically, each of these manifestations has been ade- 
quately explained and in most eases is correctly correlated with the 
rheumatic infection. Coombs,^- and later Coburn,^" covered this phase so 
well that little can be added. 

Table VI also illustrates a remarkable similarity between the rheumatic 
infection of the eastern United States and that of northern California. 
The cases observed by Cobuni, with the exception of carditis, are sti’ik- 
ingh' comparable with mine. This is a significant fact and, I believe. 

Table VI 


UiiEUJiATic Infection — Types of Onse'I' in 116 P.vtients 


TYI’E OF ONSET 

occurrence 

PERCENT.\GE 

COBURN 

Artliritis 

79 

OS.l 

71.5 

Cliorea 

32 

27.5 

23.4 

Carditis 

24 

20.6 

64.8 

Tonsillitis 

22 

18.9 

* 

Nodules 

12 

10.3 

13.0 

Scarlet fever 

9 

7.7 

7.3 

Erythema 

7 

0.0 

17.0 

Growing pains 

5 

4.0 

40.8 

Extrasv.stoIes 

o 

1.7 

* 

Abdominal pain 

1 

0.8 

19.0 

Purpura 

1 

0.8 

0.7 

Total 

194 




•Not noted. 
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tends to substantiate my suggestion that in San Francisco we deal with 
a relatively benign type of rheumatic infection, when measured in terms 
of cardiac damage resulting from the rheumatic infection. This becomes 
more apparent with study of Table YII when the associated rheumatic 
manifestations are tabulated and compared Avitli Findlay's figures.® This 
table represents combinations of different rheumatic manifestations and 
their accompanjdng carditis. When the problem is approached in . this 
way, the revelation is startling in that with the several combinations 
noted, carditis is less frequent to a marked degree, although the presence 
of carditis occurring alone is about the same. The latter fact probably 
means that the recognition was accurate. 

Table 

Associated Eheu.matig Maxifestatioxs : Types of Onset Only- 




percentage 

PERCENTAGE 

ilANIFESTATION 

NUMBER 

■WITH 

VTTH CAPvDITIS 



carditis 

(FINDL.W) 

Artliritis 

52 ^ 

1 


Artliritis and carditis nitli growing pains 

7 

1 13.S 

75.1 

Artliritis, carditis, and nodules 

Arthritis and nodules 

- i 

4 J 

1 


Chorea 


1 


Chorea, and nodules 

3 1 

j- 11.1 


Chorea and carditis 

1 1 

Do«u 

Chorea, carditis, and nodules 

Arthritis and cliorea 

1 J 






Arthritis, chorea, and carditis 

1 1 

I- 20.2 

G9.2 

Arthritis, chorea, carditis, and nodidcs 

2 1 

Arthritis, chorea, and nodules 

1 J 



Carditis 

10 

9.2 

4.1 


Total 108 


BJicumatic Infection: Cardiac Lesions — Clinical Frequency in 81 
Patients (Table VIII). — Another similarity between the rheumatic in- 
fection in San Francisco and elsewliere is illustrated by Tables VIII and 
IX wiiicli reveal the cardiac lesion both when occurring alone and in 
combination with other lesions of rheumatic fever. The outstanding 
differences m these tables are in the smaller number of patients who 
had evidence of mitral insufficiency and mitral stenosis, and in those 

Table VIII 


Rheuaiatic Infection: Cardiac Lesions — Clinical Frequency in SI Patients 


TYPE OF LESION 

PATIENTS 

PERCENTAGE 

PERCENTAGE 

(FINDLAY) 

Mitral regurgitation 

72 

8S.S 

96.8 

^Mitral stenosis 

IS 

22.2 

42.1 

Aortic regurgitation 

14 

17.2 


Pericarditis 

10 

12.3 

14.1 

Aortic stenosis 

5 

6.1 


Tricuspid insufficiency 

1 

1.2 


Total 

81 



ISTo demonstrable lesion 

35 

30.0 

3.2 

, Total palients 

116 ' 




*Not noted. 
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Table IX 


Bhedmatic Infection: Frequency of Associated Valtolar Lesions in 73 

Patients 


TYPE OF LESION NUMBER 

PERCENTAGE 

PERCENTAGE 

(FINDLAY) 

Mitral regurgitation 

42 

57.5 

45.C 

Mitral regurgitation and stenosis 

8 

10.9 

29.2 

Mitral regurgitation, stenosis, aortic 

7 

9.5 

4.2 

regurgitation 

Mitral regurgitation, stenosis, aortic 

1 

1.3 

l.G 

regurgitation, pericarditis 

Mitral regurgitation, stenosis, pericarditis 

o 

4.1 

G,1 

Mitral regurgitation, pericarditis 

6 

8.2 

3.6 

Mitral regurgitation, aortic regurgitation 

1 

1.3 

3.8 

Mitral regurgitation, aortic regurgitation. 

1 

1.3 

2.0 

pericarditis 

Mitral stenosis 

0 

0.0 

2.4 

Mitral stenosis, aortic regurgitation 

Aortic insufficiency 

0 

0.0 

0.2 

4 

5.4 

5.9 

Total 

73 




wliich show no demonstrable cardiac iiathology when studied by modem 
methods of clinical and laboratory approach. I realize tliat the majority 
of Findlay’s cases were studied over a longer period than five years, 
while the San Francisco series wa.s .studied for about two and a half 
years. This diffei’ence in follow-up period partly accounts for the lower 
percentage of mitral insufficiency, mitral stenosis, and demonstrable 
cardiac pathologj' in my tables. However, I believe it is wortli noting 
that Avith as high a percentage as 30, 1 am unable to demonstrate clinical 
or laboratoiy evidence of cardiac involvement. I realize that though 
the cards have been shuffled and dealt for this potential cardiac group, 
the score has not been added. Nevertheless, I present it as further 
evidence that in San Francisco Ave deal Avith a type of rheumatic fever 
Avhich is of a peculiarly benign nature. I have only sugge.sted the factors 
influencing this, leaving the truth or fallacy to be decided by further 
epidemiological study. 

Finally, it is also apparent that Avhen the infection does occur, Avith 
the exception of the aboA'e mentioned mildness, it Ileal's a remarkable 
similaiaty to the rheumatic infection elseAvhere, as exemplified by family 
historic age, and seasonal incidence and types of onset and of cardiac 
involvement, 

SUJI.AIAKY 

A study of rheumatic fcA’^er in northern California reveals an un- 
usually high hospital incidence and a low general incidence. A possible 
explanation which this study of 116 cases in San Francisco brings out is 
that, Avhile the percentage of eases Avith no demonstrable cardiac 
pathology is 30, the incidence of carditis in combination Avith other 
rheumatic manifestations is correspondingly low. This suggests that we 
are dealing Avith a benign type of rheumatic infection comparable witli 
that of other communicable diseases in California. 
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111 all other respects the rheumatic infection is identical ivith that seen 
in the easteni part of tlie country and in the British Isles. 

There was a positive faniilj' history for rheumatic fever in 32.4 per 
cent of this scries. Tlie ratio of female to male shows a slight pre- 
dominance of the former. In chorea the ratio is 2.5 to 1. The peak of the 
age incidence curve is seven years, and 54.5 per cent of the cases occur 
between tlie seventh and tenth years. 

Ill San Francisco the rheumatic infection is a disease which occurs 
during the first four months of each year. Climatological data are pre- 
sented which show that in San Francisco December, January, and 
February are usually the cold and damp months. Types of onset of the 
rheumatic infection are similar to those of rheumatic fever in the easteni 
United States. This series includes all the more common types of onset 
and some of the rarer ones. 
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RACIAL DIFFERENCES IN THE INCIDENCE OP 
CORONARY SCLEROSIS 

Christopher Johnston, ]\I.D, 

Durham, N, C. 

CTUDIES of the incidence of the various types of heart disease in 
cities having a relatively large negro population have demonstrated 
that in the negro both hj^pertensive heart disease and syphilitic heart 
disease are far more frequent than in white patients. Seliwab and 
Schulze^ found that in the negro hypertensive heart disease is two and 
one-half times more frequent and that sj'philitic heart disease is four 
times as frequent as in white patients. Subsequently they called atten- 
tion to the fact that in their patients 65 per cent of the negroes with 
hypertension were under the age of fifty years, whereas in the white 
patients 65 per cent of the eases occurred after this age.- Stone and 
Vanzant® also emphasized the greater incidence of both syphilitic and 
hypertensive heart disease in the negro, as well as the tendency of the 
latter disease to occur in negroes much earlier in life. 

Sclerosis of the coronary vessels, however, would appear to be less 
frequent in the negro. Schwab and Schulze^ found the incidence one 
and one-half times greater in their wliite patients, while Stone and 
Vanzant found the proportion of whites to negroes four to one. The 
former authors believe that the difference is due to the fact that a smaller 
number of negroes reach the period of life in which this type of lieart 
disease occurs, and believe that in older negroes the incidence would be 
higher than in whites. They found no cases of angina pectoris among 
negroes and offer the same explanation as Roberts,^ that it is because 
negroes seem to be less highly organized nenmusly. It is significant 
that Stone and Vanzant recorded aU patients vdth high blood pressures 
among the hypertensive group, while Schwab and Schulze^ stated that 
in their cases of arteriosclerotic heart disease the diastolic blood pres- 
sure was normal or veiy slightly elevated, whereas the systolic pre.ssure 
was constantly high. 

From clinical evidence alone, it is frequently impossible to determine 
in a given patient how much of the cardiac failure is secondaiy to liyper- 
tension, and how much is due to coronary sclerosis. The diagnosis of 
coronary sclerosis depends to a large extent upon the symptoms of which 
the patient complains, and these symptoms are notoriously rare in the 
negro race. It is not surprising, therefore, that this clinical diagnosis 
should be made less frequently in tlie negro, especially .since the incidence 
of hj’pertension is much greater; so that one would expect to find many 
cases mth marked eoronaiy sclerosis e]a.ssified clinically as cases of 
hypertensive heart disease. 


1G2 
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Since clinical data alone will not suffice to show the relative incidence 
of coronary sclerosis among negroes and whites, it was thought that a 
study of autopsy records might give some information on the point in 
question. A study was made of the clinical and autopsy records of four 
hundred consecutive autopsies, one hundi'ed each in white males and 
females and one hundred each in negro males and females, all patients 
being forty years of age or older, irrespective of the cause of death, 
in order to determine the presence and degree of sclerosis of the coronary 
vessels. This method of study cannot be regarded as highly accurate. 
Nevertheless, since each autopsj’’ record contains a note by two examiners, 
it was hoped that a fair estimate might be obtained, wliich would be 
certainly more accurate than clinical impressions. From the clinical 
records note was also made of the Wassermann reaction and of the 
patient’s blood pressure. In several cases patients were admitted in 
shock and died shortly after admission; manj* of these patients had been 
follow^ed at intervals in ward and out-patient department for several 
months or years, and it was possible to obtain accurate information about 
blood pressure levels. In cases in which such information could not be 
obtained, however, the pressure levels of these moriliund patients were 
disregarded. Sclerosis of the coronary vessels was graded “0” when 
there was no sclerosis or onl}’ a few jmllow flecks of intimal fat deposit; 
‘*'1” when there w'as noted moderate strealring with calcium; “2” when 
sclerosis w'as w-ell marked but when no narrowing of the lumen of the 
vessel was present; and “ 3 ” when there was marked sclerosis and definite 
encroachment upon the lumen of either of the vessels. Decrease in the 
vascular lumen at any point was graded “3,” even though the vessels 
elsewhere might be comparatively free of sclerosis, and the condition of 
that artery which showmd the most advanced changes was taken as the 
criterion for classification. In cases in which definite evidence of 
coronary occlusion wms present, the degree of sclerosis wms, of course, 
grade 3, and a further note was made of the presence of the occlusion. 
For the sake of further comparison, patients wmre divided into two 
groups according to whether death occurred on a medical or a surgical 
service. 

Tables I to IV show the results obtained in white males, negi’o males, 
white females, and negro females, respectively. Comparing the males 
wm find that although there w^ere considerably more negroes from the 
medical service, the incidence of marked coronary sclerosis among them 
W'as 9 per cent and of coronary occlusion 4 per cent (twm eases in w'hich 
the occlusion wus old and twu in which it wms recent and the cause of 
death), whereas the figures for white males are 24 per cent and 9 per 
cent, respectively (four eases of old, four cases of recent occlusion, and 
one case wdth both an old and a recent occlusion). These differences 
can hardly be attributed to the slight difference in the average age of the 
twm groups, which is more than compensated by the fact that 68 per cent 
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of the ne^-0 males died on the medical service, compared with 54 per cent 
of the white males. The larger number of white males from the surgical 
service would tend to decrease the apparent incidence of eoronaiy 
sclerosis among the whites, more than among the negro males; thus, of the 
medical patients alone, the incidence of marked coronary sclerosis is 31 4 
per cent for the white males and 12 per cent for the negro males. 

Table I 


White Males 


AGE 

GROUP 

MEDICAL 

SURGICAL 

TOTAL 

PA- 

TIENT.S 

CORONARY 

SCLEROSIS 

0 12 3 

OCCLU- 

SION 

TOTAL 

CORONARY 

SCLEROSIS 

0 12 3 

OCCLU- 

SION 

TOTAL 

40-44 

6 

2 

0 

1 

1 

9 

5 

1 

0 

0 

0 

• (i 

15 

45-49 

3 

0 

1 

1 

0 

5 

2 

1 

1 

1 

0 

5 

10 

50-54 

6 

1 

0 

o 

O 

3 

10 

2 

o 

»* 

4 

0 

0 

9 

39 

55-59 

1 

4 

0 

2 

0 

7 

4 

1 

0 

1 

0 

6 

13 

60-64 

3 

3 

1 

2 

1 

9 

6 

1 

0 

0 

0 

7 

36 

65-69 

0 

1 

1 

3 

0 

5 

4 

0 

0 

0 

0 

4 

9 

70-74 

1 

0 

0 

3 

2 

4 

0 

1 

1 

2 

1 

4 

S 

75-79 

1 

0 

0 

1 

0 

2 

0 

2 

0 

2 


4 

6 

804- 

0 

1 

1 

1 

0 

3 

0 

0 

0 

i 

1 

1 

4 

Totals 

21 

12 

4 

17 

7 

54 i23 

10 

a 

HI 

2 

46 ' 

300 


Average age: 57.24 years 

147.0 

Average Wood pressure: 51 medical patient.s, ; 45 surgical patients, 


Average of whole group (96 patients), “g^ 


Syphilitic aortitis was found post mortem in four of the white males. 
In two of these cases coronary sclerosis was marked, one of them shotving 
in addition gross myocardial scarring, but there was no evidence that 
either the coronarj'- narrowing or the mjmcardial scai’ring was due to a 
syphilitic process. In the group of negro males sj"philitie aortitis was 
found post mortem in twenty-eight cases. In four of these cases the 
orifices of the coronary arteries were markedly narrowed by the process 
in the aorta. Three of these showed slight and the fourth moderate 
coronary sclerosis in addition; they are so recorded in Table II in spite 
of the actual stenosis caused by the .s.n>hilitic process. 

It is a well-established fact that coronary disease is less frecpient in 
women than in men, and a comparison of Tables I and III shows only 
what one might expect if the method of study is reasonably accurate. 
Thus, in the present series, marked sclerosis was noted in 24 per cent of 
the white males and in 10 per cent of the white females; the figures for 
coronary occlusion are 7 per cent and 4 per cent, respectiv el\ . Com- 
paring the white females with the negro males, however, we find that the 
incidence of eoronaiy disease is about the same, being 10 per cent for the 
white females and 9 per cent for the negro males. Table IV would seem 
to indicate that there is the same sex ditferenee in the incidence of 
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Table II 


Hegro Males 


AGE 

GKOtTP 


40-44 

45-49 

50-54 

55-59 

60-64 

65-69 

70-74 

75-79 

Totals 




MEDIC^VL 




SURGICAL 



coronary 
sclerosis 
0 12 

o 

O 

OCCLU- 

SION 

1 

RECENT 

o 

OLD 

TOTAL 

CORONARY 

SCLEROSIS 
0 12 

•» 

o 

OCCLU- 

SION 

TOTAL 

TOT^VL 

PA- 

TIENTS 

7 

«> 

O 

1 

0 

0 

11 

8 

0 

0 

0 

0 

8 

19 

11 

o 

1 

3 

1 

17 

4 

1 

0 

0 

0 

5 

oo 

4 

5 

0 

o 

o 

o 

12 

2 

0 

0 

0 

0 

2 

14 

10 

o 

1 

1 

0 

14 

4 

0 

2 

0 

0 


20 

6 

1 

1 

0 

0 

8 

0 

1 

0 

0 

0 

HI 

9 

] 

2 

0 

0 

0 

4 

1 

1 

0 

0 

0 


6 

0 

1 

0 

0 

0 

1 

0 

2 

*> 

t> 

0 

0 


6 

1 

0 

0 

0 

0 

1 

1 

1 

0 

1 

1 

mm 

4 

40 

16 

4 

8 


68 


6 

5 

1 

1 

32 

100 


Average age: 53.S2 years 

162.2 

Average blood pressure: 63 medical, — ^ ; 

160.5 

Average of vliole group (91 patients), — 


28 surgical, 


156.7 

86.7 


Table III 
AVjiite Females 


age 

GROUP 

MEDICAL 

SURGICAL 

TOTAL 

PA- 

TIENTS 

CORON.UIY 
SCLEROSIS 
0 12 

O 

O 

OCCLU- 

SION 

3 

RECENT 

1 

OLD 

TOTAL 

CORONARY 

SCLEROSIS 
0 12 

3 

OCCLU- 

SION 

TOTAL 


6 

1 

<1 

fl 

0 


10 

•> 

• » 

1 

0 

0 

0 

4 

14 

45-49 

4 

1 

0 

0 


5 

8 

O 

0 

0 

0 

10 

15 


7 

1 

1 

1 


10 

5 

0 

0 

0 

0 

5 

15 

55-59 

8 

2 

0 

0 


10 

1 

»7 

0 

0 

0 

o 

o 

13 

60-64 

2 

n 

•') 

1 

2 


8 

6 

0 

0 

0 

0 

6 

14 

65-69 

0 

0 

6 

2 


8 

0 

n 

0 

0 

0 

o 

.7 

11 


2 

1 

1 

5 


9 

• > 

0 

0 

0 

0 

•> 

• » 

12 

75-79 

0 

1 

1 

0 

0 

2 

0 

0 

1 

0 

0 

1 

o 

O 


0 

1 

0 

0 

0 

1 

1 

1 

0 

0 

0 

2 

3 

Totals 

29 

11 

13 

10 

4 

63 

27 

9 

1 

0 

0 

37 

100 


Average age: 57.58 years 
Average blood pressure: 59 medical, 

Average of whole group (92 patients). 


161.1 
90.6 ’ 
153.5 

“stT 


139.8 

33 surgical, — 


coronary disease among negroes as among whites and that negro females 
are accordingly less susceptible to coronary sclerosis than are any of 
the other tliree groups studied. Table V summarizes the results obtained 
in the stud}* of the four groups. 

The age distrilnition in the various groups ma}" account for some of the 
differences noted in the incidence of coronary disease. Tlie average 
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AGK 

GUOUP 


40-44 

45-49 

50-54 

55-59 

60-64 

65-69 

70-74 


Totals 


Table IV 
Negro Females 


JIEDICAL 


CORONARY 

SCLEROSIS 

0 12 3 


14 

16 

4 

4 

0 

0 

0 


1 

3 

0 

3 

3 

2 


0 0 


1 

0 

3 

0 

0 


0 0 


3S 12 4 4 


OCCLU- 

SION 

1 

recent 

1 

OLD 


TOTAL 


15 

20 

5 

10 

4 

3 

1 


58 


SURGICAL 


CORONARY 
SCLEROSIS 
0 12 3 


16 

7 

3 


3 0 0 
0 0 0 
0 0 0 


0 


OCCLU- 

SION 


0 

0 

0 

0 

0 

0 

0 


0 


TOTAL 


19 

10 

0 

4 

3 

0 

0 


42 


TOTAL 

PA- 

TIENTS 


34 

30 

11 

14 

7 

3 


100 


Average age: 48.78 years 

172.7 149.9 

Average blood pressure: 56 medical patients, — ; 36 surgical patients, 

Average of whole group (92 patients), - a - ^ 

yD»o 


89.3 


age of the white males and females (57.24 and 57.58 years, respectively) 
is about the same, but the average age of the negro males (53.82 years) 
is approximately three and one-half years less, and of the negro females 
a full eight and one-half years less than that of the white males. One 
must also consider the fact that all of the negroes were public ward 
patients, whereas a certain proportion of the white patients were from 
the private wards; and, since coronarj'- sclerosis is believed to be more 
frequent among the so-called “upper walks” of life, it is possible that 
the differences noted in the incidence of the disease are due to occupa- 
tional rather than racial factors. 


Table V 



MARKED 

CORONARY 

SCLEROSIS 

OCCLUSION 

SYPHILITIC 

AORTITIS 

AVERAGE AGE, 
YEARS 

White males — 100 

24 

9 

4 


Negro males — 100 

9 

4 

28 


Wliite females — 100 


4 

1 


Negro females — 100 

4 1 

2 

12 



Although the evidence herein presented is not entirely conclusive, it 
at least indicates that there may be definilc differences in the incidence 
of coronary disease between members of the white and of the negio 
"races. The etiological factors in the production of coronary disease 
are at present poorly undei’stood; if faulty liygiene has any bearing 
upon the subject, one would expect the negro to be much tlie moie 
susceptible. 
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SmiMARY 

A study of tlic autopsy records of four liuudred patients above tbe 
age of thirty-nine years showed the incidence of marked coronary 
sclerosis to be 24 per cent for white males, 9 per cent for negro males, 
10 per cent for white females, and 4 per cent for negro females. 

Coronary occlusion with myocardial infarction, either recent or old, 
was found in 9 per cent of the white males, 4 per cent of the negro males, 
4 per cent of the white females, and 2 iicr cent of the negro females. 

The evidence suggests that members of tlie white race are much more 
susceptible to coronary sclerosis than are negroes. 
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STUDIES ON EXPERIMENTAL CORONARY OCCLUSION^f 

Chemical and Anatoiviical Changes in the Myocardium 
After Coronary Ligation 

Robert Tennant, M.D., David M. Grayzel, M.D., Francis A. 

Sutherland, M.D., and Sydney W. Stringer, M.D. 

New Haaten, Conn. 

' I 'HE experiments herewith recorded were designed to correlate histo- 
logical and chemical changes in the myocardium as these are affected 
by peinianent or temporary ligation of the coronary vessels. The 
chemical studies deal with the determination of the glycogen and lactic 
acid content of the muscle. 

Preliminary reports from this laboratory have dealt with surface 
temperature^ and chemicaP changes in the myocardium, and electro- 
cardiographic configurations® after ligation of the coronaiy vessels. 
Immediately after the ligation of the descending ramus of the left 
coronary artery the temjierature of the affected muscle, measured by 
thermocouples and a. Leeds & Northrop potentiometer recording system, 
dropped from 2 to 8° P. below the level of the muscle with its circulation 
intact, and witli release of the ligature the temperature rose promptly 
to its fomer level. It was also shoA\n that vagotomy, bilateral stellate 
ganglionectomy, stimulation of the vagi or of the sympathetic fibers to 
the heart had no effect on these temperature changes. The results 
indicate that, vfith the sudden deprivation of the blood supply, no im- 
mediate collateral circulation to the affected myocardium is developed. 

methods 

Dogs woigliing from 15 to 20 kilograms were anesthetized ivitli sodium amytal 
and, under mild artificial respiration, the liearts were exposed either by resection 
of the fourth left rib or by a simple incision througli the fourth left interspace. 
Tlie anterior descending branch of the left coronary artery with its accompanying 
veins was ligated -ivitiiin 2 cm. of its origin. The pericardium and chest wall were 
then tiglitfy closed and were reopened only to remove tissue for chemical analysis. 
Tlie samples of tissue were excised from the beating heart in situ in the living 
animal and plunged immediately into liquid air; this procedure required not more 
than 15 seconds. Samples of tissue were removed fi'om the zone supplied by the 
ligated vessels and from a control zone, the right ventricle, and were analyzed 
either for lactic acid or glycogen. About 2 gra. of tissue were employed for each 
determination. The frozen tissue was fragmented and i)ut into weighing bottles 
containing sulphuric acid for lactic acid determinations by the method of Friedo- 
mann and Graeser.-r For the glycogen determination the fragmented frozen tissue 
was placed in 50 c.c. centrifuge tubes containing 5 c.c. of GO per cent potassium 

»Froin the Departments of Patholotjy and SurgeiT, Yale University School of 
Medicine. 

tThe.se investigations were .supported bj- a grant from the Jo.siah Macy, Jr., 
Foundation. 
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hydroxide. The hydrolysis was carried out by the modified Pfliiger method as 
outlined by Yannet and Darroy-/ and the glucose content ^vas determined in aliquots 
by Soniogyi’s modification of the Shaffer-Hartman sugar method. 

Immediately after the termination of the experiments the hearts were examined 
for gross changes in consistency and appearance of the myocardium, and the 
coronary arteries were carefully explored to determine whether the vessels were 
securely ligated or patent in the instances where the circulation was reestablished. 
Blocks of tissue were taken from tlie zone supplied by the ligated vessels as well 
as from the right ventricle, and these were fixed in 4 per cent formaldehyde and 
Zenker’s fluid. Sections were stained with hematoxylin and eosin, phosphotungstic 
acid hematoxylin, Mallory’s aniline blue connective tissue stain, and Sudan TTT 


EXl^ERIilEXTAL DATA 

Chemical and Anatomical Changes After Ligation, of Coronary Fes- 
sels . — 111 this group of experiments the anatomical changes iverc corre- 
lated with the lactic acid or the glycogen changes in the myocardiitm of 
dogs whose coronaiy i^essels had been ligated for periods ranging from 
one-half hour to twenty-fonr hours. 

The lactic acid content of the muscle tissue from the zones snpiilied 
by the ligated vessels was strikingly increased in all instances as com- 
pared to that of the control zone (Table I). In contrast, the glycogen 
content was decreased in aU instances in the muscle tissue from the zone 
supplied by the ligated vessels (Table II). Control animals subjected 
to the same surgical procedures but in whom the sutures were merely 
passed about the coronary vessels and then removed showed no significant 
variation in the lactic acid or glycogen content of the muscle tissue from 
the two zones. 

- Table I 

Lactic Acid Context of Heart j\Iuscie After Ligation of Coronary Vessels 


DOO 

NO. 


NO. OF HR, 
LIGATED 


TACTIC ACID 

AV. MG. /lOO GR. OF TISSUE 
INVOLVED ZONE UNTNVOI VED ZONE 


45 

% 

149.5 

4i •*’j 

44 

4 

103.5 

5S.0 

42 

10 

96.5 

54.0 

43 

24 

97.S 

61.S 

4G 

24 

51 

51.3 


(Control) 





Table II 


Glycogen 

Content of Heart ^Muscle After Ligation of Coronary Vessels 

DOG 

NO. 


glycogen as 

glucose 

Ur ii-ii. 

ligated 

av. mg. /lOO GR. 

OF tissue 

INVOL^'ED ZONE 

UNINVOLVED ZONE 

47 

o 

503.0 

826.0 

75 

4 

296.0 

1051.5 

53 

s 

354.0 

1410.0 

51 

. 24 

490.5 

1142.0 

54 

24 

95S.5 

938 


(Control) 
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The histological changes in the mj^ocardium Avith occlusion of the 
coronaiy vessels varied Avith the period of ligation. They may be divided 
into tAvo main groups, tlie first includes the first forty-eight-hour period 
Avhen the necrotizing and exudathm processes predominate, and the 
second, longer periods associated Avith the appearance of the reparative 
processes (Table V), 

The earliest histological changes in the myocardium AA'cre seen in the 
preparations from dogs killed eight hours after ligation of the coronaiy 
vessels, and consisted of edema of the interstitial tissue and fat droplets 
in the cytoplasm of the myocardial fibers. In the preparations from 
dogs killed tAventy-eight hours after ligation, necrosis of the myocardial 
fibers AA'as observed, together Avith an increase in the fat in the cytoplasm 
of the cells and a polymorphonuclear cellular exudate and red blood cell 
infiltration throughout the interstitial tissues. After forty-eight hours of 
ligation the same extensive necrotizing and exudative process Avas 
present; and in addition, occasional fibroblasts AA'ere seen extending out 
from the adventitia of the lilood vessels adjacent to the necrotic muscle 
fibers. Four days after ligation the connective tissue proliferation Avas 
more extensive; masses of necrotic muscle fibers AA^ere noAv surrounded 
by fibroblasts. From this period on, the reparative process became 
dominant, and at the end of a month the infarcted zone Avas completely 
replaced by a dense fibrous tissue sear, which Avas infiltrated AAoth small 
mononuclear cells and large phagocytic cells containing golden broAra 
pigment. 

The histological changes obsei’ved here -AA’ere similar to those described 
in detail by Karsner and DAAyer® in their studies of experimental infarc- 
tion of the mjmeardium in dogs. 

Ligation of Coronary Vessels With Subsequent Release of Ligatures . — 
In these experiments the coronaiy vessels Avere ligated for varying 
periods up to eight hours; the ligatures were then released and tA\'o 
hours later tissues AA-ere remoA'-ed from the myocardium for chemical and 
anatomical study. 

In all instances except one, the lactic acid content of the muscle from 
the zone supplied by the previously ligated vessels Avas slightly but not 
appreciably loAA^er than that of the muscle from the control zone. In the 
one exception, Dog 59, the anterior descending branch of the left 
coronary artery A\'as found occluded at autopsy by a freshly formed 
thrombus (Table III). The glj’-cogen content of the affected muscle 
in eontrast remained decreased beloAv that of the control zone as in the 
first group of experiments (Table IV). 

Striking anatomical changes Avere noted in the myocardium supplied 
by the preAuously ligated A’^essels except in the instance AA’here the a'CsscI 
Avas tied for only one-half hour, in Avhich case no demonstrable changes 
Avere seen. In the other hearts the m.A'ocardium supplied by the prcA'i- 
ously ligated vessels aa^ts the seat of an extensiA'e hemori’hagic infarct 
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wliich extended througliout the entire thiclmess of the wall, involving 
intensely'' the inner half and also the anteiior one-third of the inter- 
ventricular septum (Table V). 


Table III 


Lactic Acib Content of Heart Muscle Two Hours After Untying Ligated 

Vessels 


DOG 

NO. 

NO. OF HR. BET. 

lactic acid 

LIGATION AND UN- 
TYING OF ARTERY 

AV. ilG. /lOO GR. 
INVOLVED ZONE 

OF TISSUE 

UNINVOLVED ZONE 

(57 


3S.S 

54.3 

65 

2 

39.5 

65.3 

59 

4 

78.5 

71.3 

60 

S 

52.0 

66.0 


Table It' 


Glycogen Content of He^vrt Muscle Two Hours After Untying Ligated Vessels 


DOG 

NO. 

NO. OF HR. BET. 

GLYCOGEN AS 

glucose 

LIGATION AND UN- 

AV. MG. /lOO GR. 

OP TISSUE 

TYING OP i^RTERY 

INVOLVED ZONE 

UNTNVOLVED ZONE 

81 

2 

158.5 

528.5 

6S 

8 

281.0 

757.5 


Table V 

Anatomic Changes in the JIyocardium Following Ligation op Coronary Vessels 


jiyocardium 


dog 


TIME 


EXUDATE HEMORRHAGE 


FAT 


NECROSIS FIBROSIS 





EXP. CON. 

EXP. 

con. 

EXP. 

con. 

EXP. 

con. 

, EXP. 

CON. 

9 

1 

hr. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 ' 

2 

hr. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

2i 

lir. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

4 

hr. 

0 

0 

0 

0 

0 

0 

0 

(1 

0 

0 

8 

7 

hr. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

74 

lu. 

•r 

0 

0 

0 

4 

0 

0 

0 

0 

0 

2 

9 

hr. 


0 

0 

4 

0 

0 

0 

0 

0 

0 

25 

12 

hr. 

E* 

0 

+ 

0 

4 

a. 

± 

c 

0 

0 

22 

16 

hr. 

E 

0 

0 

0 

44 

6 

0 

0 

0 

0 

29 

28 

hr. 


0 

0 

0 

44 

-f 

44 

0 

0 

0 

30 

30 

hr. 

-1-E 

0 

"h 

0 

44 

4 

J- 

0 

0 

0 

28 

35 

hr. 

+E 

0 

+ 

0 

4 

0 

X 

0 

0 

0 

16 

2 

days 

-H- 

0 

0 

-f 

444 

0 

44 

0 

0 

0 

15 

4 

days 

■H-f 

0 

0 

0 

444 

0 

444 

0 

early 

0 

34 

33 

days 

0 

0 

0 

0 

0 

0 

0 

0 

444 

0 

24 

48 

days 

0 

0 

0 

0 

0 


0 

0 

444 

0 

20 

72 

days 

0 

0 

0 

0 

0 

0 

0 

0 

444 

0 

26 (con) 

74 

days 

0 

0 , 

0 

0 

0 

0 

0 

0 

0 

0 




Circulation 

Keestablished FOR Two Hours 




G7 

4 

hr. 

E 

0 

0 

0 

0 

0 

0 

0 

0 

0 

65 

2 

hr. 

4-E 

0 

+++ 

0 

0 

0 

4 

0 

0 

0 

81 

2 

hr. 

+E 

0 

-H-f 

0 

0 

0 

X 

0 

0 

0 

59 

4 

lu. 

*f*E 

0 

+++ 

0 

0 

0 

X 

c 

0 

0 

60 

8 

lir. 

+E 

0 

+++ 

0 

0 

0 

h 

c 

0 

0 

68 

8 

hr. 

++E 

0 

4+4 

0 

0 

0 

X 

0 

0 

0 


•B, edema. 
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DISCUSSION 

It is apparent from the data on the fii’st group of exiieriments (Tables 
I and II) that the accumulated lactic acid in the ischemic myocardium 
results from the glycogen breakdoAm. In the normal heart excessive 
lactic acid fonnation is prevented b.Y the lai'ge amount of oxygen 
furnislied through an abundant blood supply, an amount much greater 
than that for an equal Aveight of skeletal muscle (HimAvich and Castle"), 
i\IarkAvalder and Starling®) . Indeed, it has been shoAvn that the function- 
ing heart AAuth its circulation intact does not pour out lactic acid into the 
blood stream, hut actually removes it from the circulating blood (Him- 
Avich,® ]\TcGinty^“). McGinty has further shoAvii that in instances Avhere 
the blood supply to the myocardium of the intact heai-t is reduced by 
vasoconstriction folloAving large doses of pitressin, a pouring out of lactic 
acid from the heart into the blood stream occurs. Associated Avith the 
vasoconstriction apparently, there is a marked degree of anoxia so that 
lactic acid forms and accumulates to such an extent that it diffuses into 
the circulation. In the present experiments the muscle in the zones 
supplied by the ligated A-essels is functioning under conditions of extreme 
anoxia and accordingly utilizes its .stored glycogen; Avith the lack of 
circulation in the part, lactic acid accumulates. Similar chemical changes 
in the affected myocardium folloAA-ing experimental ligation of the 
coronary artery in dogs have been reported by Pomodoro” and HimAA'ich 
and his associates.^- 

In the second group of experiments in Avhich the ligatures Avere subse- 
quently removed, the lactic acid content of the myocardium in the in- 
volved zone fell beloAv that of the control zone. Apparently, the 
accumulated lactic acid AA'as AATished out by the rec.stablishment of blood 
floAA'. That this drop AA'as not due to a resynthesis of the lactic acid to 
glycogen is eAddenced by the fact that the latter remained at the same 
loAv level as in the fii’st group in A\hich the circulation Avas not re.storcd. 

The absence of any demonstrable anatomical changes in the muscle 
tissue until eight hours after ligation Avas in striking contrast to the 
findings AA’hen the circulation Avas restored by the remoA'al of the liga- 
tures. Under the latter condition extensive hemoi'rhage, edema, and 
polymorphonuclear leucocytic exudate Avas present throughout the in- 
volved zones, OA'en AA'hen the interval of ligation Avas only Iavo hours. 
This exudatiA'C reaction indicates at lea.st that alteration of the eapillarv 
Avails has taken place. The failure of glycogen re.synlhesis folloAving 
reestablishment of the circulation suggests that injury to the myocardial 
fibers themselves also may liaA'c occurred even though this AA'as not his- 
tologically demonstrated. The lack of early e.xudatiA'c changes Avhen the 
circulation has not been ree.stablished may bo attributable to the absence 
of blood floAV through the part. 
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SUMMAKY 

1. Occlusion of the left anterior descending coronary arteiy and ac- 
companying veins results in an increase of the lactic acid and a decrease 
of glycogen content of the muscle deprived of its circulation. 

2. Wiien the circulation is reestablished for two hours by release of 
.the ligatures after vaiying intervals of occlusion, the lactic acid content 
of the aftected muscle returns to normal, but restoration of the glycogen 
content does not occur. 

3. 'When the circulation is restored in the myocardium by release of 
the ligature, a series of changes is observed histologically that contrast 
with the usual picture of experimental infarction. 

These experiments were planned and carried out during 193“-1934i under the 
direction of Dr. Raymond Hussey. 
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A STUDY OP THE VARIATIONS OP THE RS-T SEGMENT 
IN EXPERIMENTAL VENTRICULAR TRAIBIA* 


David I. Abramson, M.D., Charles Shookhoff, M.D., 

AND Nathan M. Penichel, M.D. 

Brooklyn, N. Y. 

A LTHOUGH considerable evidence has been presented concerning the 
significance and classification of the RS-T changes associated Avith 
cardiac infarction, no attempt has been made to explain or to evaluate 
the mechanisms responsible for the production of these characteristic 
electrocardiographic alterations when specific areas of the heart are in- 
jured. Subsequent to Parkinson and Bedford’s presentation^ of their 
classification of T^ and T3 tjqies of curves, most of the experimental and 
clinical work on this subject has been utibzed to obtain a purely arbi- 
trary correlation of the location of infarcts with the electrocardiographic 
variations (see Barnes^ for rcAdew). The evidence on this point has 
been conflicting; some of the worker's, in fact, consider the conclusions 
evolved therefrom to be based merely upon fortuitous findings,®* 

While much work has been done on the relationship of the direction of 
the main deflection of the extrasystolic curve to the point of stimulation 
in the ventricles, more specific data were presented in a recent paper by 
Abramson and Weinstein.® They noted that the direction of the initial 
complex of experimental ventricular extrasj’-stoles, recorded with the 
tliree standard leads, depended upon the relative position of the point 
of stimulation in the mass of A*entricular muscle and upon the par- 
ticular orientation of the point and muscle mass to the recording 
lines of the leads. It is ImoAvn that the electrical changes produced by 
stimulation and by injury of tissue have in common the development of 
negativity at the site of application (the only main diffei'ences being the 
magnitude and duration of the effect produced in each case). Accord- 
ingly, it was thought that possibly the same relationship that exists be- 
tween the location of the point of origin of the extrasystole and the 
direction of its recorded main deflection might also exist between the site 
of myocardial trauma and the resulting characteristic electrocardio- 
graphic A'ariations. Therefore, this study was undertaken to compare 
electrocardiographic effects of stimulation of various portions of the 
cat’s ventricles with those of cauterization of the same areas. In this 
waj* it was hoped some light might be cast on the fundamental factors 
re.spousible for the form and type of RS-T changes, and on how they 
are influenced b3' the anatomical location of the injured area. 

•From the Cardiological Laboratory and Medical Service of the Jewish Hospital of 
BrookbTi and tlie Department of Physiology, Long Island College of Medicine, Brook- 
lyn. 
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METHOD 

The experiments reported below were performed on tliirteen cats under dial 
anesthesia, injected intraperitoneally. Artificial respiration was instituted, the 
iieart exposed by making a U-shaped flap of the anterior chest wall, and then the 
pericardium was slit. Control electrocardiograms, using the three standard leads, 
were recorded before and after these operative procedures. After numerous trials, 
it was found that the most constant results were obtained by studjung the follow- 
ing six sites (Pig. 1): (1) Anterior surface of the right ventricle j (2) anterior 
aspect of the interventricular septum with the boundaries extending onto both 
ventricles; (3) left ventricle anteriorly at the base; (4) left ventricle anteriorly at 
the apex; (5) left ventricle posteriorly; (6) riglit ventricle posteriorly. 

The ventricles were stimulated by means of an electrode composed of two fine 
steel wires, encased in a bent glass tube and insulated with seabng wax. The 
electrode was connected to the binding posts of the secondary coil of an inductorium, 
and the primary circuit was broken at a rate slightly above the sinus beat by 
means of a Harvard spring interrupter. Eecords of extrasystoles were obtained 
from each of the selected areas, special attention being paid to the one region subse- 



Fig. 1. — Schematic drawings of anterior and posterior surfaces of tlie ventricle. 
The six areas enclosed by the dotted lines represent the ones studied: 1, right ven- 
tricle anteriorly; 2, anterior aspect of interventricular septum; S, basal portion of 
left ventricle anteriorly ; apical portion of left ventricle anteriorly ; 5, posterior 
surface of left ventricle ; C, posterior surface of right ventricle. The broken lines on 
both drawings represent the line of transition for Lead I. 

quently to be cauterized. In the case of the latter, stimuli were applied to a 
number of additional points at the periphery and in the center of this site. An 
area of injury was produced in tliis previously outlined site by means of an 
electric cautery, following the procedure of Crawford and his associates.o The 
size of the injury was generally about 1.5 cm. in diameter and extended for about 
a millimeter into the myocardium. In all instances, care was taken to limit the 
cauterization to that part of the heart under study at the moment. Electrocardio- 
grams were obtained immediately after the injury, first with the normal sinus 
rhythm, and then with a repetition of stimulation of all six of the designated 
areas. Following the production of the extrasystoles, a control record was again 
obtained to make certain that the ES-T alteration produced by the cauterization 
was stni present. In a number of experiments, after the electrocardiographic effects 
consequent to cauterization had entirely disappeared, a second area was studied. 
At times, when the site of injury was located on the anterior surface of the heart, 
it was found necessary, in order to bring out more clearb' the resulting electrocar- 
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diograpliic alterations, to apply a pad of cotton dipped in warm saline to the 
anterior surface of the heart and to cover this with the chest flap. This difference 
in teclinie required in the case of the anterior heart surface may be attributed to 
the reduction in conductivity of the action currents from the heart due to the 
removal of the anterior chest wall (in contrast to the posterior surface which 
retains essentially its normal relationshij) to the surrounding tissues). "Wood and 
Wolferthr found a similar difficulty in obtaining electrocardiographic changes fol- 
lowing ligation of the anterior descending branch of the left coronary arteiy, 
unless they worked with very little of the lieart exposed. 

In order to test the effect of rotation of the heart on the curve produced by 
injury at a particular point, the following procedure was carried out in certain 
experiments: Stay sutures were sewed into the epicardium of the ventricles, one at 
the apex of the heart and one at each lateral surface. By means of these, the heart 
was made to rotate to the right or left on its long axis, and electrocardiograms 
obtained in each position and finally after return to the normal position. Control 
electrocardiograms were taken in some cases with the heart displaced as described 
but -without any injury by cauterization. The effect on the ES-T interval in these 
controls was, for the most part, negligible. 

Generallj' the tension of the struig was such that the introduction of 1 mv 
produced a deflection of 1.5 cm., except -when the extrasystolic waves were recorded, 
in which case the usual relationship of 1 mv to 1 cm. deflection existed. 

RESULTS 

For the sake of convenience in recording, the electrocardiographic 
findings obtained with artificial stimulation and with cauterization are 
incorporated in Table I, and only explanatory notes and a summation of 

Table I 


Effect of STiiruLATiox and Subsequent Cautep.ization of Sites on the 
Epicakdial Surface of Both Ventricles 


SITE STUDIED 

CAT 

NO. 

DIRECTION OF INITIAL 
DEFLECTION OF EXTRA- 
SYSTOLIC WAVE 

DIRECTION OF RS-T SEG- 
MENT SUBSEQUENT TO 
CAUTERIZATION 

LEAD I 

LEAD H 




LEAD HI 

Eight ventricle anteri- 

4 

+ 

+ 

+ 


- 

- 

orly 

S 

T 

T 

+ 





7 

-r 

-1- 

■f 

— 

— 

— 

Anterior surface over 

C 

+ 1 

+ 


JL 



septum 

12 

+ 

■I 

4- 

■h 

— 

r: 

Left ventricle anteriorly 

11 





zz 


at base 

15 

— 

•f 

+ 

JL 

— 

— 


IG 

— 

-r 

-1- 

+ 

=: 

=: 

Left ventricle anteriorly 

3A 

— 

— 

— 

i 


0 

at apex 

14 

+ 

- 

— 

i- 

■h+ 

■1+ 


13A 

— 

— 


— 

•1--1- 


Left ventricle posterior 

2 


— 

— 

-i- 

4. 

X 

surface 

3B 

— 

— 


•f 

4* 

X 


5A ' 


_ 

— 

+ 

■i-+ 

-)- + 


n i 

— 

_ 

— 

+ 

X X 



13B 1 

_ 


— 

0 

X 4. 

-f-1- 

Eight ventricle posterior 

1 1 

4. 


— 


■f 

-f- 

surface 

5B I 

-r 

— 

— 

— 

-i-.+ 

XX 


10 1 

■f 

- 

- 

- 

! -t-f 

+.1, 


+ Indicates a positive deflection. 

-Indicate.s a negative deflection. 

The number of these Indicates gros.sly the relative amplitude of the wave.";. 
0 Represents no change In RS-T segment following cauterization. 
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results are given herewith. The presentation of the data is limited to 
listing, first, the direction of the initial deflection of the extrasystolie 
wave obtained from stimulation of a specific area and, second, the direc- 
tion of the deviation of the RS-T segment with normal sinus rhytlmi, 
following cauterization in the same site. In the instances in which the 
direction of the initial deflection of the extrasystolie complexes obtained 
from the center and from the periphery of the site under study varied, 
the one selected for tabulation represents the most common and char- 
acteristic finding. 

In the case of Lead I, it was noted that generally, Avith normal sinus 
rhythm, the amplitude of the Avaves A\'as small, so that the effect of 
cauterization on the RS-T segment in some instances AA'as insignificant. 


.4 B. 



a he a -■ h c 


pjg-, 2. — A, Experiment 16, anterior surface of riglit ventricle: a, control with 
normal sinus i-hythm ; h, extrasystolie waves obtained upon stimulation of this site. 
Initial deflection upright in all three leads, c, curves obtained with normal sinus 
rhythm after cauterization in the same area, depression of RS-T in all three leads. 

B, Experiment 6 , anterior surface of septum including- contiguous portions of both 
ventricles: a, control with normal sinus rhythm; b, extrasystolie waves obtained by 
stimulation at this site. Initial deflection in Lead I almost isoelectric and in the 
other two leads upright, c, curves obtained with normal sinus rhythm after cauter- 
ization in the same area. Elevation of RB-T in Lead I and depression in the other 
two. 

Time, 1/23 second; 1 mv = 1.5 cm. for cum^es obtained with sinus rhythm. 1 mv 
= 1 cm. for curves obtained by artificial stimulation. 

On the other hand, tJie changes in Lead.s II and III AA^ere eonsistentlj’’ 
marked, in some cases being of sucii magnitude as to hide the R- and T- 
AA'aA^es completely. 

CoMparison of the Direction of the BS-T Alterations With the Direc- 
tion of the Main Deflections of the Extrasystolie ITares.— From an ex- 
amination of Table I it AA'ill be seen that in Lead I the direction of the 
RS-T segment folloAving cauterization appears to depend upon AAFether 
the. damage Avas situated grossly on the right or the left A^entricle, i.e., 
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the direction of the RS-T segment was consistently negative in instances 
of cauterization on the right ventricle (Figs. 2 A and AA) and positive 
in instances of cauterization of the left ventricle (Figs. SA and B and 
4B). Tlie only exceptions Avere tlie four eases in AA^hich no change Avas 
observed (Experiments 1, 4, 8, and 13R) and the one ease (Experiment 
13 A) in Avliieh injury to the left A’-entricle anteriorly at the apex pro- 
duced an ES-T depression. In those experiments in AAdiich the trauma 
extended onto both ventricles (Experiments 6 and 12) the direction of 
the ES-T segment was similar to that obtained on the left A^entriele 

(Pig. 2B). 

The changes in Leads II and II AA^ere generally alike. In all instances 
of cauterization on the anterior surface of the heart (except the left 
ventricle at the apex) the RS-T segment Avas depressed in both leads 



ate a h o 


Fl^. 3. — A, Experiment 15, left ventricle anteriorly at the hase: Oj control; bi 
extrasystolic waves obtained by stimulation of this site. Main deacction negative for 
Lead I and positive for the other two leads, c, curves with normal sinus rhythm 
after cauterization in the same area. Elevation of RS-T in Licad I and depression in 
the other two leads. 

B, Experiment 14, left ventricle anteriorly at the apex: a, control; h, extrasystolic 
waves obtained by stimulation of this site. Main deflection negative in all three 
leads, c, curves with normal sinus rhythm after cauterisation in the same area. 
Elevation of RS-T in ail three leads. 


(Pigs. 2A, 2B, and SA). For the entire posterior surface of the heart, 
either right or left ventricle, as Avell as for the left ventricle anteriorly 
at the apex, the direction of the ES-T segment Avas consistently positive 
in both leads (Pigs. SB, 4A, and 45). 

In reference to the direction of the initial deflection of extrasystolic 
AA-aA'cs, the results AA'ere e.ssentially similar to those obtained by Abram- 
son and ‘Weinstein. In Lead I the initial eomple.x A\'as upAvai’dly di- 
rected for points of stimulation to the right of the lines of transition on 
both surfaces (Figs. 2 A and 4A), and doAATiAA'ardly directed for com- 
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parable areas to the left of it (Figs. 3 A, 3B, and 4B). These lines of 
transition for Lead I grossly followed the location and direction of the 
interventricnlar grooves on both surfaces except that the anterior one 
in its upper portion extended somewhat on to tlie right ventricle, and 
in its lower third obliquely onto the apex of the left ventricle* (Fig. 1). 

The types of extrasystolic Avaves obtained in Leads II and III were 
alike grossly; the initial deflection was positive in cases of stimulation 
of points on the anterior surface of the heart (Figs. 2A, 2B, and 3A), 
except for the inferior portion of the left ventricle anteriorly. From 
the latter region and from the entire posterior surface of both the right 
and left ventricles, the main initial deflection in Leads II and III Avas 
doAATiAvardly directed (Figs. 3B, iA, and 4B). 



Fig'. 4. — A, Experiment 10, right ventricle posteriorly ; a, control ; h, extrasystolic 
waves obtained by stimulation of this site. Main deflection positive for Lead I and 
negative for the other two leads, c, curves with noi’inal sinus rhythm after cauter- 
ization in the same site. Slight depression of RS-T in Lead I and marked elevation 
in the other two leads. . 

B, Experiment 9, left ventricle posteriorly : a, control ; 1), extrasystolic waves 
obtained by stimulation • of this site. Main deflection negative for all three leads, 
c; curves with normal sinus rhytlim after cauterization in the same site. Slight eleva- 
tion of RS-T segment in Load I and marked elevations in the other two leads. 


It is therefore apparent from the above that the same factors Avhicb 
affect the direction of the initial deflection of extrasystolic Avaves also 
influence the direction of the displacement of the RS-T interval fol- 
loAAung cauterization. Moreover, in all instances, cauterization of an 
area from Avhich extrasystolic Avaves had prcAdously been elicited re- 
sulted in an ES-T change Aidiich AA-^as consistently opposite in phase to 
the chief initial deflection of the extrasystole. (Figs. 2, 3, and 4.) Sueli 

*This may explain why in an experiment (Experiment 13A) in which the apex 
of the left ventricle, anteriorly, was cauterized, a right ventricular effect was recorded, 
.i.e., an RS-T depression in Lead I. The damage probably extended somewhat to the 
right of tlic line of transition. 
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constancy of results would appear to place these findings beyond the 
realms of mere coincidence. This relationship between portions of 
curves apparently having no common denominator will be given sig- 
nificance in a later paper in which the theoretical basis for the observed 
changes will be discussed.® 

Effect of Rotation of the Heart upon the RS-T Alteration . — It has 
been shown“ that stimulation of the right side of the ventricular mass 
results in an upward chief initial deflection in Lead I. This is so 
whether the right side of the ventricular mass, as in the normally placed 
heart, is predominantly right ventricle or whether the heart is so rotated 
that the left ventricle becomes the right side of the ventricular mass and 
it then receives the stimulus. 

In order to determine whether an alteration in the position of the site 
of cauterization relative to the recording lead lines also produces a 
change in the type of ES-T deflection, and whether a correlation exists 
comparable to that obtained with extrasystoles,® the heart was rotated 
on its long axis immediately after injury, in a number of experiments. 
By means of stay sutures it was turned either to the right, so that a 

Table II 


ErrECT or Eotation op Heart ok the ES-T Alteration Subsequent to 

Cauterization 


SITE OF LESION 

cat 

ORIGINAL RS-T 
SEGMENT 

NEW SITE OF 

SUBSEQUENT I!S-T 
SEGMENT 

NO. 

LEAD 

I 

LEAD 

11 

LEAD 

HI 

LESION 

LEAD 

I 

LEAD 

H 

LEAD 

HI 

Rotation to the Right So as 

I to ILxpose More of the Left Ventricle 

n nteriorly 

Eight ventricle 
anteriorly 

IG 

— 

- 

— 

Posteriorly and 
on right side 

■ 

+ 

■f 

Anterior surface 
of septum 

12 


~ 


Posteriorly and to 
the right 

H 

•! .+ 

+ 1 

Left ventricle 
anteriorly 

15 

+ 

— 

— 

Laterally and to 
the right 

■ 


0 

Left ventricle 
posteriorly 

2 

+ + 

+ + 

+ -!- 

Anteriorly and to 
the left 

i-h 



Eight ventricle 
posteriorly 

10 


+ -1 

+ + 

Anteriorly and to 
the left 

+ 

0 



Eotation to the Left So Thai .Anterior Surface of Heart Is Made Up Entirely of 

Right Ventricle 


Anterior surface 
of septum 

12 

+ 

1 - 
t 

- 

Laterally and to 
the left 

i- 

0 

— 

Left ventricle 
anteriorlv 

15 

1 

+ 

j “ 

i 

— 

Posteriorly and to 
the left 

+ 

■f 

0 

Eight ventricle 
anteriorly 

IG 

I - 

( 

1 ■ 

— 

Laterally and to 
the left 

+ 



Left ventricle 
posteriorly 

5 

0 

+ 


Posteriorly and to 
the right 

0 

+ 

+ 

Eight ventricle 
po.stcriorly 

10 

- ! 

-i- + 

+ + 

Anteriorly and to 
the left 

+ + 




+ Indicates a positive direction. 

- Indicates a negative direction. 

The miniber of tlie-se indlcate.s prros.sly Hie relative nmgnltude of RS-T change. 
0 Represents no RS-T aiteration. 
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greater part of tlie left ventricle jiresented anteriorly, or to the left so 
that the entire anterior surface of the heart was made up of right 
ventricle. It will be noted, from Table II that, when the position of the 
injury was changed by these manipulations from a posterior to an 
anterior position, or vice versa, tbe direction of the ES-T deflection in 
Leads II and III became reversed (Pig. 5 A and B). For example, if 
a heart in Avliicli the anterior surface of tlie intraA^entricular septum had 
been cauterized, resulting in a depression of the RS-T segment in Leads 
II and III, was now rotated so that the injured portion was situated 
posteriorly, a definite elevation of the RS-T segment in these leads was 
noticed (Fig. 5B). If the position of the heart Avas so changed that 
trauma to the left of the hypothetical line of demarcation for Lead I 
Avas changed to the right of it, or A’iee versa, a definite reversal in the 


A B 



a h ah 


Flgr. 5. — Effect of rotation of the heai-t upon the direction of the RS-T segment. 
All curves obtained with normal sinus rhythm. 

A, Experiment 2, a, after cauterization of the posterior surface of the left ven- 
tricle. Elevation of the KS-T segment in ail three leads, h, after rotation of the 
heart to the riglit so as to place the burn anteriorly but still on the left. RS-T still 
elevated in Lead I, isoelectric in Lead II, and definitely depressed in Lead III. 

B, Experiment 12, a, after cauterization of anterior surface to interventricular 
septum. RS-T elevated in Lead I and markedly depressed in the other two leads. 
h, after rotation of the Iieart far enough to the right so as to place the burn posteriorly 
and to the right. Depression of RS-T in Lead I and elevation in Lead II and Lead 
III. 

direction of the RS-T segment in this lead took place. Thus, trauma 
on the left A’-entricle anteriorly, producing an RS-T elevation in Lead I 
caused an RS-T depression Avhen the damaged area Avas rotated to the 
right side. The re, suits of the rotation experiments are further eA’idenee 
for the vieAv that the alteration in the direction of the RS-T segment is 
dependent upon the relationship of the site of injury to the entire 
Amntrieular mass and to the recording lead lines and not upon any rela- 
tionship to anatomical landmarks in the heart itself. 
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Effect of Prior Cauterization on the Contour of the Extra-systolic 
Waves . — Comparisons of the curves obtained by stimulation of the six 
designated areas before and after cauterization revealed that a change 
in the contour of the second series was present, evidently as a result of 
the injuiy. This alteration consisted of either an elevation or a depres- 
sion of the usuallj' very short isoelectric interval existing between the 
initial and terminal deflections (Fig. 6). At times the degree of de\da- 
tion was of suffleient magnitude to obliterate completely or reverse the 
direction of the terminal and even the initial phase of the extrasystolic 
wave. It Avas found, moreover, that for any specific area of cauteriza- 
tion, the direction of this change in the extrasystolic wave Avas consist- 
entlj- in the same phase in the same lead, no matter Avherc on the heart 
surface the stimuli Avere subsequently applied. Furtlier, the direction 
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Fig-. C. — Extrasystolic cui-ves subsequent to cauterization. 

A, Experiment 9, normal sinus rhythm follov/ing cauterization of tiic left ventricle 
posteriorly. Very slight elevation in Lead I, marked elevation in other two leads. 

B, extrasystolic waves obtained from stimulation of anterior surface of right 
ventricle : a, before cauterization ; b, after cauterization. 

C, extrasystolic waves obtained from stimulation of left ventricle posteriorly: o, • 
before cauterization ; h, after cauterization. 

D, extrasystolic waves obtained from stimulation of the right ventricle posteriorly: 
a, before cauterization ; h, after cauterization. An elevation of the short' inter%'al. 
normally isoelectric, is observed in all the extrasystolic waves of Leads II and HI 
after cauterization. Tliis elevation Is similar in direction to the BS-T alteration 
obscr\'ed in the control records with sinus rhythm, A. Comparable results in Lead I 
are not discernible. 

of the change in the three leads coincided AA’itli the ES-T change olitaincd 
Avith normal sinus rhytlim. For example, if the left A-entricle Avas cau- 
terized posteriorly, the change in the standard leads consisted of an 
eleA’ation of the RS-T segment in all three leads (Fig. 6A). If iioav, 
extrasystoles Avere elicited although the direction of these initial deflec- 
tions conformed to those anticipated from the location of the point of 
stimulation, the change in the isoelectric period Avas in a po.sitiA-e direc- 
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tion in all tlirce leads for all sites of stiinulalfon on both ventricles (Fig. 
QB, C, and D). The only exception ivas tlie occasional absence of 
change in tlie extrasystolie waves recorded with Lead I when the orig- 
inal ES-T deviation in this lead was not pronounced. 


SIEMM^VRY 

In an attempt to explain the characteristic changes observed in the 
ES-T segment of the standard leads with infarction of specific areas of 
the heart, six sites on the cat’s ventricle were studied. In each experi- 
ment one of these was cauterized and the electrocardiographic effects 
compared with those obtained by previously sihmdaiing the same site 
so as to produce extrasystoles. A comparison was also made between 
extrasystoEc waves elicited from aU six regions before and after cauter- 
ization of one of them. 

1. It was found that the site of cauterization determined the direc- 
tion of the ES-T inteiwal displacement in the same manner as the site 
of stimulation determined the direction of the initial deflection of the 
extrasystolie complex. 

2. It was also observed that the ES-T segment was consistently op- 
posite ill phase to that of the initial deflection of the extrasystolie wave 
obtained by stimulation of the site before cauterization. 

3. Confirmatory evidence was elicited by changing the position of 
the trauma by rotating the heart and recording the difference in the 
displacement of the ES-T segment. 

4. It was found that the direction of the deviation of the comparative 
ES-T interval in the experimental extrasystolie wave elicited after cau- 
terization was determined by the site of the previous injury regardless 
of the point of stimulation producing the cxtrasystole. 

5. It would appear that in the cat’s heart subjected to cauterization: 
(a) in Lead I the direction of the ES-T deviation depends upon whether 
the trauma is situated grossly on the right or left ventricle, and 

(b) In Leads II and III, the direction of tlie ES-T deflection depends 
upon whether the site of injury is on the anterior or the posterior sur- 
face of the heart, with the exception that the anterior apical portion of 
the left ventricle shows the same changes in direction as the posterior 
surface. 
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LIGATION OF THE CORONARY ARTERIES IN JAVANESE 

MONKEYS'^^t 


III. Further TnEORETic^Ui Considerations of the Ch^vnges in the 
Ventricular Electrocardiograjm, With Illustrative 

Experiments 

A. DE Waart, M.D., C. J. Storm, M.D., and A. K. J. Koumans, M.D. 

Bata\ua, Java 

A S THE most prominent and most acute electrocardiographic symp- 
'• tom following coronaiy ligation in monkeys (Macaca) we described 
in Parts I and II of this paper, a deviation of the S-T segment which 
showed in each animal a very definite direction. The direction of the 
so-called electrical S-T-axis was calculated or constructed by the applica- 
tion of the principles of the equilateral triangle, and it proved to point 



arterj' (L). 

preponderatingly in the direction of that part of the heart most af- 
fected by the circulation disturbances, as was sho^vn before and is re- 
produced here in Fig. 1. 

In order to get a further insight into the acute results of ligations on 
the functional conditions of tlie monkey heart, special investigations 
were made : in tlie first place, on the problem whether, as a rule, after 
coi’onai'y ligation acute djmamic changes in the action of the heart as a 
whole were to be found. 

In general, such changes were not observed, a finding which agrees 
with, various comparable reports in the literature, for instance those of 

•From the Department of Physiology of the School of Medicine, Batavia, .Tava 
(Director, Professor A. de WaarL) 

tPreliminary communic.atlon on portions of tlic subject-matter of this paper was 
made to the 7th Science Congress at Batavia, Java, on October 2S, 1935, 
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Peil and liis coworkers,- who after ligating- the anterior descending 
brancli in dogs found “surprisingly small changes in the mean blood 
pressure”; and of Orias,-^ who also in dogs sometimes even found the 
iieart action after four minutes dynamicalh’- somewhat better than nor- 
mal and concludes that compensatoiy mechanisms, especially in the un- 
damaged heart muscle parts, very promptly come into play. 

Figure 2 shov’s one of our experiments in this direction. 

In a 'Macaca irus before, during, and after ligation (L) of the anterior descending 
brancli, records -were made of respiration and blood pressure, the latter traced 
from the carotid n-ith an elastic manometer. The changes to be observed in the 
respiration, systolic and diastolic blood pressure, and pulse amplitude, both in size 
and frequency, are very slight indeed and even after a considerable time, as also 
other observations showed us, are usualh-- practically absent, unless, as in Fig. 2, 
ventricular fibrillation sets in. But ei-en just before tliis fibrillation, which was 
preceded by two extrasystoles, there were no definite changes in the functions in 
question. We are certain that here quite definite S-T deviations had already 
developed as they were never absent at that stage after left ligation. 



lii; 


Fig. 2. — Registration of respiration (R) and arterial blood pressure (B.P.) in a 
monkey, during ligation of the ramus descendens anterior. 

Part 1: Before operation. Part 2: Just before and after ligation (L). Part 3: 
About 10 min. after ligation, extrasystoles (X) and fibrillation (F). Z, zero line of 
elastic manometer. T, time in 5 sec. On the last of Parts 1 and 2 the rate of drum, 
movement was quickened. 

As lias been said before, in the great majority of our electrocardio- 
grams the heart rate, which can be considered as a very sensitive in- 
dicator for possible postoperative disturbances in the dynamic functions 
of the heart as a whole, did not show any definite changes in our monkeys 
after ligation. 

Since, as has been mentioned, the changes in the ventricular electro- 
cardiogram, namely the S-T deviations, begin so quickly that it is possible 
even during the course of the experiment to predict from the change in 
string movements whether the ligation has or has not been successful, 
■we are of the opinion that these electrical phenomena are independent 
of any definite hypofunction or hyperfunetion of the heart as a tvliole. 
In this we agree with Orias'* and with Wood and Wolfei-th.'‘ At any 
rate, the disturbance in the d^uiamies of the heart, if it is present at all 
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in the heart locally, is so slight that it is not sho-wn by the methods used 
in Pig. 2 for investigating blood pressure and respiration. 

For the purpose of learning more about the changes in the heart mus- 
cle function under the influence of muscular asphyxia, experiments on 
the whole animal are less suitable, among other reasons because of the 
vagus effects and the peripheral vascular reactions caused by a genera] 
anoxemia.® 

In our opinion, however, the isolated heart may quite properly be 
regarded as an example of a many times enlarged heart element. Ac- 
cording to Wiggers,® the total action of the heart may be considered as 
being a rapid summation of successive contractions of the individual 
fractions of the organ, and any change in the total action, if it results 
from a factor wliicli affects all the parts alike, may be regarded as 
evidence of similar alterations in the fractionate (ultimate) contraction 
curves, as long as the ventricles are being excited along the normal path- 
ways. 



Fig-. 3. — Mechanogram of excised Macaca heart perfused with Kinger-Locke 
(Langendorff method). At oxygenated saline is replaced by the nonoxygenated 
solution. Number of next segments shows number of minutes after stoppage of 
oxygenated saline. 


In the literature regarding the relation between oxygen and muscle 
function, respectively heart fmiction, the monkey heart is not dis- 
eussed.'^‘^° We therefore attempted to get some further information by 
causing changes in the circulation in monkey hearts isolated and per- 
fused by the method of Langendorff and by observing what changes in 
the contraction ciu’ves accompanied them. These changes may then be 
considered as reproducing on a large scale, but accurately, the changes 
that occur in the fractionate contraction curve of eacli separate lieart 
unit, the oxygen supply of which is disturbed. 

In these experiments, which were performed in our laboratory at an 
average room temperature of 30° C. (86° P.), special care was taken 
to keep the temperature of tlie heart as constant as possible. 

Two obseiwations arc described here as typical of many. 
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A Jfacaca heart (see Pig. 3) was perfused according to the nietliod of Langendorff 
with oxygenated Eingcr-Locke solution. When we switched over to nonoxygenated 
Einger-Locke solution the ventricular contractions continued for about three minutes 
practically imchanged. Thereafter the heart action gradually died away. We did 
not observe a temporary increase in amplitude or any changes in frequency. A 
.slight fall in the base of the curve indicated that there was probably a slight reduc- 
tion of muscle tonus. 

The circulatory changes in the experiment described above arc not 
entirely comparable with those present after coronary ligation, because, 
although the supply of oxygen was reduced, any accumulation of the 
waste products of metabolism was combated by the continual perfusion. 
In order to secure this accumulation of metabolites in addition to the 
deficiency of oxygen special experiments, one of which will be described 
(illustrated by Fig. 4), were then made. 

In a Macaca heart which was perfused according to the method of Langendorff 
with o.xygenated Einger-Locke solution, after the amplitudes of the heart contractions 
Iiad become constant, the entire iierfiisinn was stopped. Directly thereaftei-, during 



Fig-. 4 . — jMechanogram of excised Macaca lieart, perfused with oxygenated Rlnger- 
Locke solution. At /p wliole circuiation is stopped. Hyperactive phase during ± 12 
seconds, foliowed by progressive decrease in amplitude of movements. Next segments: 
after 5 min. heart movements nearly stopping; after SV’ min. restoration of circula- 
tion iCirc. Jte.) followed by liyperactive phase of ± 40 sec. 


a period of about 12 sec., a phase developed in which the tonus of the left 
ventricle decreased, but the size of the contractions temporarily increased, only to 
fall off gradually again. The original amplitude was 18 mm.; the circulation being 
stopped, it became after 5 sec. 21 mm., after about 12 sec. again 18 mm., after 1 
min. 15 mm., after 2 min. 12 mm., after 3 min. 8 mm., after 4 min. 4 mm., after 
5 min. 2 mm. After 5% minutes, the heart movements just having stopped, circula- 
tion was restored. The heart recovered, passing again through a hj’pcractive phase, 
this time lasting about 40 seconds. 

In this last experiment, tlierefore, in which the accumulation of tlie 
metabolites oecuiTed to a higher degree, we observed a temporary me- 
chanical hyperfunction (staircase) during the first period in whicii they 
were being piled up, which was followed, however, within 12 seconds 
by a gradually increasing hypofunction. 

It is possible that this temporary hyperfunction, the existence of which 
has been described in the skeletal muscles of birds in similar circum- 
stances by Van Dyk,^^ might, if the coronary circulation is locally dis- 






188 


THE AjMERIGAN HEART JOURNAL 


turbed, sometimes last longer in the heart part involved, but we did not 
get that impression. It is true that Eothberger^^ mentions that, after 
tying off very small branches of the anterior descending artery, the 
heart contractions occasionally became more powerful, but, even so, 
oiilj’- for a very short period. We, as Avell as he and others,^’ in ex- 
amining the portion of the heart conceimed after ligation, have usually 
observed decrease of activity in addition to discoloration. 

The principal point is, however, that while accepting these local re- 
ductions of actimty, possibly preceded by a brief local increase of func- 
tion, as facts, Ave deny that there Avould be an}’- right because of them to 
speak of a hyperfunction or hypofunction of the left or right heart as a 
ivhole. As a rule, as has been said above, the latter could not be ob- 
served in the great majority of our cases. Also clinical symptoms of 
heart failure appeared in only a feAA' of our cases. 

A local hyperfunction is, then, either absent entirely or of too short 
duration to explain the S-T deviation. 

It Avould therefore be possible to consider a local hypofunction in the 
sense of a decrease of a local action current as the cause of the devia- 
tion. An argument against this, hoA\’eA’-er, is the fact that the S-T devia- 
tions begin to fade aAA'ay in an aA’crage time of one hour and often 
finally completely disappear. It is not at all probable that a local hypo- 
function Avould so quickly diminish, since the locally disturbed circula- 
tion is not restored soon enough, as appears from the formation of an 
infarct (compare also Orias^). 

The fact, observed by us and others,^' that the deA’elopment of the S-T 
deA'-iation is usually not accompanied by a cliange in the still visible part 
of the QRS complex, nor, according to our measui’ements, by a pro- 
longation of A'entricular systole, makes it hardly probable that the phe- 
nomenon could depend on depressed conduction.^® 

Could it be possible that the S-T deA’iation might be an electrical 
phenomenon caused by a systolic stretching of the inactive or less actiA’c 
parts of the heart? Such a stretching has been observed after coronary 
ligation by Lew’is^® in dogs and by us sometimes in monlccys and has 
also been described recently by Tennant and Wiggers.’® Stretched tis- 
sues may yield deformation cuiTents (do Itleyer®®). Is then the devia- 
tion after ligation the result of the interference of the ventricular elccti’o- 
cardiogram Avith a sj’stolic deformation current? 

We belicA’e this to be improbable for the folloAving reasons : 

Fix’s!, such deformation currents arc too small (Gilson®’) to be able 
to cause the S-T deviations, which are often of considerable size. Second, 
one may conclude from the curves of de Boer®® that, at least in the frog 
heart, if only the base of the ventricle is active, it makes no difference to 
the eleetrocai’diogram AA’hether the inactiA'c ajxcx is not strclched (in a 
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bloodless heart) or Avliether it is being stretched as a heart hernia. Third, 
it is most improbable that tlie local stretching, like the S-T deviation, 
would reach a maximum in about one hour and would tlien, like the 
S-T deviation, begin to decrease, since it is generallj^ accepted, at least in 
man, that the wealmess of the ventricular wall is at its height during the 
second w-eek after the obstruction of a coronary artery.-^ 

On the basis of our observations, our study of the literature, and the 
experiments to be described further below, we jirefer the following 
explanation of the S-T deviation, in wliich the decrease of this deviation 
need not parallel restoration of the local disturbances of function. 

As a result of the local disturbance of circulation, local damage is 
done to the muscular tissue of the heart. This local damage which, even 
if incomplete, may eventually manifest itself in changes visible with 
the microscope,^'*’ but which certainly does not do so in the early stages 
of its existence, discloses itself electrobiologically by a local depolariza- 
tion of formerly polarized cell membranes, and therefore by increased 
permeability, decreased contractility, and, at tliis time most important 
of all, the local development of a relative electronegativity.-'*'^'* This 
local electronegativitj' produces a current of injury which, as is the case 
■with all injury currents, exists only temporaril}'. 

The S-T deviations whieli, as we hai-e described, develop ciiiicld.y, main- 
tain a definite direction during their existence, reach their maximum in 
about one hour, and finally tend to disappear, result from the presence 
of this current of injuiy in a wa.y that is discussed below. 

Several articles eonccniing injury currents in the heart have appeared 
ill the literature,®^'®' but, as far as we laiow, only few experiments have 
been made in that direction in connection with circulatory disturbances. 
Simon®® found in the skeletal muscles an increased permeability in mus- 
cular asphjoda; Embden®® the same in fatigue; and Wood and Wolferth"* 
found that in a dog’s heart after arterial ligation the electrogram re- 
corded by direct leads from the damaged part quiekl}- altered even when 
no changes were yet visible in the indirect leads. Very recently John- 
ston, Hill, and Wilson"*® showed by direct leads from the dog’s heart 
that, witliin some minutes after ligation the region supplied by the 
ligated vessel 3delded a monophasic curve, from which finding thej' con- 
clude that the muscle was capable of producing a large current of m- 

jury. 

Before this last paper was published we investigated wliether indeed 
hy disturbances in the circulation an injury potential would develop in 
the monkey heart, whieli as with every other injury jiotential would be 
especially observable during rest, in the ease of the heart then during 
diastole. The following experiment may be described as t^Tiical ; 

A Macaca heart was perfused according to the metliod of Langendorff with 
oxi'genated Einger-Locke solution. A nonpolarizable Porter electrode (A) was placed 
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in contact witli a part of tlie conus arteriosus previously rendered maximally negative 
by cauterization, A second electrode (B) was connected to a healthy part of the left 
ventricular apex, also by means of a woolen thread soahed with saline (see Pig. 5). 
Connections with the galvanometer were such that the negative potential of A caused 
the shadow of the string, projected on a scale, to be deflected to the left. In order 
to neutralize this negativity, compensation was applied according to the method of 
Poggendorff, so that the compensating current as such moved the string to the right. 
If now during diastole B becomes more negative — in other words, more isoelectric 
to A — the compensating current which in itself is kept constant will become relatively 
too strong and the position of the string will be shifted to the right during diastole. 
This is exactly what we observed after the circulation through the heart had been 
stopped, a procedure we preferred to ligation of an artery, in order to be certain 



Figr- 5. — Showing aiTangement used in experiment described in text. A, electrode 
in contact with burned part oC conus arteriosus. B, electrode in contact with left apex, 
becoming temporarily more negative during diastole when circulation in isolated 
monkey heart is temporarily stopped. G, constant compensation ; S, string. 

that the electrode B would actually be in a region of disturbed circulation. After 
restoration of the circulation the diastolic position of the string again shifted in 
the direction of the original zero. The actual course of events is given here: 

11:44 Circulation stopped. 

11:46 String during diastole 5 mm. right of zero. 

11:53 String during diastole 10 mm. right of zero. 

11:56 String during diastole 30 mm. right of zero. 

11:57 Circulation restored. 

12:01 String during diastole 4 mm. right of zero. 

12:03 String during diastole 2 mm. right of zero. 

The string tension was such that 1 cm. = 4 mv. 
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In accordance with tliis, many curves of Samojloft’^- made by direct 
leads from the frog heart in comparable cases (damaging the apex by 
potassium chloride) without compensation show this diastolic displace- 
ment of the string quite clearly, for instance his curve 19 , reproduced in 
our Fig. 6. 

Also in the direct leads of Wood and Wolferth^ the change in the 
curve, in our opinion, can be explained onlj'^ as a consequence of an 
increasing diastolic negativity of the part of the heart involved in the 
circulatory obstruction, wliile also the recently published direct leads of 
Johnston and his coworkers^® show this diastolic negativity in the dog’s 
heart. 

Theoretically it should he possible to observe tliis diastolic displacement of the 
string in clectrocardiograpliic records made by indirect leads. Practically, efforts in 
this direction meet ivith special difficulties because of the inconstancy of the skin 
potential. 

Our experiment on the isolated monkey heart, described above, showed 
that the diastolic displacement of tlie string developed progressively 
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Fig. 6. — ^First parts of Saniojloffs curve described in text. Upper curve, mechan- 
ogram. Lower curve, electrogram, direct lead (frog heart). After the apex is 
damaged with potassium chloride, the string moves downward in diastole. The sum- 
mit of R and the S-T deviation are in fact the last parts of the electrogram that are 
not displaced in this curve. No artiflcial compensation. 

within a few minutes after stopping the circulation and tended to dis- 
appear again within a few minutes after restoration of it, provided that 
the circulation had not been stopped too long. This is in agreement with 
the speed with which the S-T deviation develops after coronary ligation 
and with which it disappears whenever the obstruction of the coronary 
circulation is removed after a sufficiently short lapse of time. 

Such a reversibility of the deviation has been described in dogs and 
eats.^’ In the monkey also this reversibility of the S-T deviation ap- 
pears when the disturbance of the coronary circulation is of but short 
duration, as shovm in the next experiment and in Fig. 7. 

Monhey AG . — ^Leads I, II, aud III of the electrocardiogram were recorded simul- 
taneously before the operation (A). The opening of the thorax followed. The de- 
scending anterior branch of the left artery was closed off by means of :i metallic 
skin clip, and the thorax Avas closed after the relations of the pericardium and lungs 
had been restored. The animal thereafter respired spontaneously. After 8 and 10 
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minutes records were taken {B and G). These records showed a distinct S-T devia- 
tion in all leads. A second operation was then performed. The clip was removed after 
the artei-y had been occluded for a total of 14 minutes. The thorax was then closed 
for the second time and again respiration became spontaneous. Records (D, B, 
and F) were now made 5, 7, and 11 minutes after restoration of the circulation. The 
S-T deviation disappeared progressivelj'. 

The observations described give an experimental basis for our opinion 
that the S-T deviations after eoronaty obstruction are a .sign of the 
development of a local injury potential. Tliis injury potential will mani- 



Fip. 7. — Mac. AG (L) Leads I, II. and III simultaneously. A, before operation: 
IS, 8 min., C, 10 min, after the ramus descendens anterior w;»s clamped off. D, ."> min.. 
JiS, 7 min., .and F, 11 min. after clamp was removed. All photograms taken with 
closed thorax and spontaneous respiration. 


fe.st itself fully during diastole as an injury current. During .systole 
this current of injuiy will dimini.sh or disappear because at that time tlic 
contracting uninjured parts of the heart will also become electro- 
negative.® 


'If, during the royi.slration. the dia.stolic current of injiirj’ is .'irtifielally compen- 
.=ated. the compen.cating^ current during- systole will lose it.« counterbalance. This 
compensating current will therefore manifest it.sclf especially during systole, which 
for the deflection of the galvanometer is equivalent to a svstdlic disappe.arancc of the 
cui-rent of injury. 
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In this regard tlie damaged heart will behave as a damaged muscle 
in general, wliich also shows its action current as a negative variation of 
its current of injury and tries to neutralize its current of injury dui’ing 
contraction. The principle is clearly illustrated by an old, but in this 
respect beautiful, record of Waller which we reproduce in our Fig. 8. 

That a current of injury must be considered as a possible factor in the 
etiology of the early cleetroeardiographie changes has been stated by 
others-^’ who, however, as far as we laiow, have made no quantita- 

tive directional measurements. SamojlofF® suggested an area of perma- 
nent activity (“permanente Errcgungszone”) as a possible cause, which 
electrobiologically equals a lesion. 

The injuiy current of the heart, manifest especiaUj- during diastole, 
depends upon an injuiy potential difference of definite size and direction. 
This size and direction will depend upon the intensity and site of the 
le.siou. The S-T deviation is the manifestation of an effort on the part 



Fig. 8. — Upper curve, tetanic contraction of frog gastrocnemius. Second curve, 
signal of stimulation. Third curve (black line) ; accompanying negative variation 
of current of injury during tetanus. Belov, time in % min. and zero line of galvanom- 
eter (Z). The slope from a to <i shows the “natural” decrease of the injury current. 
(After AValler.) 


of the injured heart to reach an isoelectric state during s.ystole, b.Y which 
effort the string during systole will be moved to, or near to, its true zero 
position. In the normal heart the same effort to reach the isoelectric 
state occurs. The deviation as such appears only in tlie electrocardio- 
gram of the injured heart because only in the latter is the diastolic posi- 
tion of the string no true zero position. 

. The systolic compensation by the heart of its owm injuiy current must 
occur in the direction diametrically opposite to that in which the original 
current of injuiy flowed. Tlie direction of compensation is shovm bj' the 
direction of the S-T deviation, the eonstruetion or calculation of which we 
described, before. Therefore, the ddreeiion of the electrical S-T axis will 
he the reverse of that of the original injury current. For that reason 
it can contribute to our Imowledge of the site of the lesion. 
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Our conception may be illustrated with the assistance of Fig. 9. 

On the basis of our observations, the manifest direction in the heart of 
an injury current caused by a lesion of the left ventricular wall may, in 
the scheme of the equilateral triangle, be assumed to be from the lesion 
toward the center of the triangle — ^for instance from P to Z. The systolic 
compensation, whether comiilete or incomplete, will have to be in the 
diametrically opposite direction, namely, from the center of the triangle 
to the lesion, from Z to P. As the direction of compensation is repre- 
sented bj’ the direction of the electrical S-T axis, this latter must point to 
the lesion, or at least to the electrical center of the lesion. 

In Pig. 9, therefore, the deviations +d„ -fd, and -d^, combined ac- 
cording to the triangle scheme, give the direction from Z to P in which 
the heart tends during systole to neutralize the injuiy current, pointing 
in the direction of the lesion and in each lead in the direction of the 
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Eig. 9. — Diagi’am of an electrocardiogram "with S-T displacement. The S-T devia- 
tions +di, +di and -da, combined in the equilateral triangle, show tlie direction ZP , 
wherein the heart tries to compensate its current of injury, constituting the elec- 
trical S-T axis. The injury current passes the heart during diastole from P to Z and is 
the cause of the diastolic displacements -Aj, -A- and +A 3 . Further details in text 


true zero position of the string. The diastolic position of the string (Ai, 
Ag, and Ag) does not represent an isoelectric condition of the heart; 
in fact, the string is then deviated, in A^ and A, downward, in Ag up- 
ward, by the injuiy current which at that time is flowing in the heart 
from P to at its full strength. 

It must now' be explained whj' we take for mGasuring the direction of 
the S-T deviation that point in the electrocardiogram at which the devia- 
tion springs from the QRS complex. 

For taking this point we have the following reasons : 

First, this point, at w’hich the cuiwe undergoes an entire change in 
contour, is usually synchronous in all three leads, so that it may be 
used even if the records were not made simultaneously. 
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Second, at tliis point ive are nearest to tlie instant at wliieli in a normal 
heart the strmg returns to the zero line, since by that time the entire 
Yentriciilar musculature has entered into a state of activity and in the 
normal heart no further measurable differences in potential exist. It is 
therefore a logical assumption that in the injured heart at that instant 
the compensation of the injury current has been established as completely 
as possible by as complete as possible a ventricular action. At that in- 
stant the direction of compensation wiU then be exposed at its clearest. 

Third, as the QRS complex precedes the ejection phase of sys- 
tole,^®’ at the chosen instant no change in form of the heart has as 
yet taken place; and, on the other hand, there is yet no disactivation of 
fibers, each of 'which events might give rise to changes in the S-T axis, 
for instance, bj’’ a displacement of the lesion or by the development 
of complicating potential differences (for example, interference with a 
concealed T-wave) . 

A fourth reason for taldng this point is based upon the following line 
of thought: 

In order to explain the normal electrocardiogram, several theories were 
based on experimental evidence. The most prominent of these theories 
are those of the ‘‘distributed iiotential differences^' and of the 
“limited potential differences.” The first considers the heart as an elec- 
trical whole; the second considers the heart muscle fibers as individual 
electrical luiits.^®’ At tliis juncture we do not \vish to give preference 
to either of these theories but merely to make the folio-wing remarks. 

Above in explaining the significance of the S-T deviation after coronary 
ligation and the meaning of its direction, "we paid particular attention to 
the relationships of the distributed potentials. However, if we choose the 
above indicated moment in the electrocardiogram for making the measui'e- 
ments, the explanation may be based also on the second theory. For it 
seems probable that at that moment, which mcirJcs the heginmng of the 
abnormal part of the electrocardiogram, the action wave, liaraig advanced 
along the septal conduction system and having penetrated the ventricular 
walls from within outAvard, will encoimter the damaged fibers at the 
boundarj’- of the lesion. Accordmg to the theory of the limited potential 
differences, in our opinion, it must be expected that the compensation 
of the injuiy current will principally occur by the activation of the un- 
injured portions of the damaged muscle units, the point of beginning 
of the deviation in the electrocardiogram then indicating the moment 
of that activation. In that case too, this compensation, resulting from 
a negative charge travelling through the ventiicular wall from the sub- 
endocardial layers outw'ard, must point from the center of the heart to 
the lesion. 

This latter supposition would agree Avell with the fact observed by others'* s and 
very distinctly also by us, that in these experimental heart infarcts the subendocardial 


‘'Confirmed by Dr. H. Mfiller. 
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layers of the heart muscle are usually spared.* We believe that this must be at- 
tributed to the nourishment of those layers directly from the heart cavity, either by 
diffusion or by the Thebesian vessels. That the action wave in such cases should 
penetrate the ventricular wall originally undisturbed, till it clashes with the lesion, 
appears to us entirely logical. 

The above mentioned considerations of this subject give, in our opinion, 
a general understanding of the direction of the S-T axes found in our 
left and right monke 3 ’’S. 

That these axes, although limited to certain definite fields, do not all 
coincide in those fields must be expected in connection with v'arious 
incidental factors, such as : 

1. The imperfections in our measurements, partly caused by the 
difficulty of permanent perfect standardization; 

2. The differences in position of the lesions 

a. as a result of individual differences in the course and diameter 
of the coronary branches, 

b. as a result of individual differences in the speed of development 
of the lesion on the one hand and of the collatei’al circulation on 
the other, 

e. as a result of individual differences in the position of the lieart 
in the thorax, partly increased by differences in respiratory 
phases; 

3. Possibly individual differences in conduction rate in various parts 
of the heart. 

That the site of the lesions Amried in the different monkeys has already 
been mentioned in some detail in Part I. To show this in a more compact 
way Ave composed the next Fig. 10. In this figure the appi'oximate site 
of the mass center of the lesion of each monkey heart is indicated, as 
far as these lesions Avere found in the ventricular Avail Avith the aid of the 
microscope. 

In seven equidistant parallel planes, perpendicular to the heart axis, the cross- 
section of eacli lesion was drawn. The center of such a cross-section was determined 
and the general center of the whole mural lesion was estimated by taking into con- 
sideration the difference in size of the cross-sections found in the separate planes. 
After these approximate centers Avere entered into the scheme, each Avas proA’ided Avith 
an arroAV indicating the direction of the concomitant S-T axis and with the number 
of the monkey concerned. In our opinion the position of the center of a lesion during 
first dcA-elopment Avill be about the same as that of the center of the lesion shoAA'n 
finally microscopically, since, as described in Part I, the S-T axis of the same 
monkey, taken at various intervals after operation, sIioaa-s, as a rule, a tendency to 
keep a constant direction. 

In Fig. 10 is also indicated which of the animals shoAved septum lesions. 

Also from this figure it appears that the S-T axis, e.speeially in those 
monkej^s Avhieh shoAved no septum lesion, point.s from the center of the 
heart to tiie lesion. 
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We have already described a “mixed field,” reacliiiig from +90° to 
+127°, in wliieli tlie S-T axes of right and left monkej-s overlaiiped. 
i^\jnong the 5 left monlieys, the axis of which fell in this “mixed field,” 
3 certainly (6 L, 19 L, and 51 L) and 1 probably (16 L, bmidle-branch 
block) had a lesion of the septum; while of the 9 monkeys in which 
septum lesions were found (6 left and 3 right monkeys, see Part I) 5 
monlvcys (3 left and 2 right) showed axes falling in this sector, which 
after all occupies only about one-tenth of the total field of 360°. We 
should not be surprised if further studies should confirm the idea that, 
especially in left monkeys, as S-T axis falling in this sector is a sign of a 
septum lesion. 



Figr. 10. — An approximate survey of the mass centers of the lesions of the ven- 
tricular wall, as far as these lesions Anally showed morphologically. The arrows 
represent the direction of the electrical S-T axis during development of the lesions. 
:Macaca 14 E. and 31 R (frontal lesions) showed no S-T displacement. Septum lesions 
found in monkeys marked O, no septum lesions in those marked ©. Further details 
in text. 

In this connection the peculiar shifting of the S-T axis observed in 
i\Ionkey 4 L and described in Part I may perhaps be explained. This 
animal had a septum lesion and developed an aneurysm in the left ven- 
tricular wall. One would be tempted to associate the first phase (4 A : 
-117°), directed to the base, with the septum and the second phase 
(4 B : +5°), directed to the left, with the developing aneurysm. 

It is, however, also possible that the basally directed tangential components of the 
action current produced by the ventricular wall, the existence of which components 
was accepted on theoretical grounds,4» may be held responsible for the pointing of 
some of our axes toward the base. 
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111 considering our results, it should be remembered that in IMacaca 
the heart and septum lie in the thorax in a position far more comparable 
to that in man than in other experimental animals, as for instance in 
dogs. The electrical axis of the heart of this monkey, measured at the 
summit of the R-wave, makes an average angle of 63° with the horizontal, 
but variations between 50° and 75° may easily be found.®® In several 
frozen sections we oliserved that the septum makes as a rule an angle of 
about 65° with the horizontal, which certainly also may differ in various 
eases. 

"We have already mentioned that tv.m of the right monkeys (14 R and 
31 R.) showed no >S-T deviation. We attribnte this to the frontal position 
of the lesions, described before and reproduced in Fig. 10. 

As is known, the standard leads give information only about the 
electrical potential changes as projected on the frontal plane. Potential 
variations perpendicular to that plane, whether they be the result of 
action or of injury, are not observable. In Macaca the anterior paif of 
the right ventricle, and especially the part near the conus arteriosus, 
lies in such a position that it is highly probable that lesions in those 
regions, such as were present in klonkeys 14 R and 31 R, would manifest 
themselves either not at all or only in part in these leads. The injury 
current and its compensation will in those instances be directed prac- 
tieallj' pei’pendicularly to the frontal plane. 

We believe that the same inefficient condition pertains to the diametri- 
cally opposite part of the heait, namely, the posterior wall of the left 
ventiTcle near the sulcus longitudinalis posterior. 

In this sense the frontal anterior or frontal posterior regions may be 
considered as “silent areas” of the heart when only Ihe conventional 
leads are used. 

In our experiments no isolated lesions of the posterior heart wall were 
obtained since in Blacaca it is supplied principally by the circumflex 
branch of the left artery, which was not ligated. We .shall make further 
investigations in this direction. In our opinion, however, it is to be 
expected on theoretical grounds that lesions, which are mirror images 
of one another in relation to a frontal plane passing through the hypo- 
thetical center of the heart, should give similar electrocardiographic 
changes because of the similar projection of their electrical components 
on that plane. 

Pigui’c 11 may serve to illustrate this principle of “mirror image 
lesions.” 

Some authors are of the opinion that in man lesions of the posterior 
wall of the left ventricle near tlie septum could, even if the i-ight ven- 
tricle intact (wliich is often ({ nest ion abl e®’ ), produce S-T deviations 
directed dowiward in Lead I.-^’ ®-’ Such lesions could, as is mentioned 
by Bames and Whitten,®- sometimes behave as lesions of the riglit ven- 
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triele. This would be entirely in agreement with our point of view 
whenever a position of the heart may be assumed as reproduced in 
Fig. 11. 

The classical leads therefore will probablj' be unable to differentiate between such 
mirror image lesions. On theoretical grounds it may be expected that antero- 
posterior or precordial leads^i 37, o-i, 55, so ^j]l be of value in such cases. We have, 
as yet, no practical experience in this direction. 

The gradual d.dsax>pcarancc of the S-T deviation must, in our opinion, 
be explained in the following way: 

It is well loiown that iujuiy currents have only a temporary existence 
and that they decrease and disappear within a rather short time, espe- 



Pigr. 11. — Showing’ the principle of the mirror image lesions described in text. 
The lesions, 1 and 2 , in posterior part of left ventricle and anterior part of right 
ventricle may give a similar S-T deviation, this deviation (direction of systolic com- 
pensation of current of injury) being determined in the conventional leads by the 
projection, that ZP and ZP^ have in common, on the frontal plane PP. 

ciaUy in the heart.^®’ We have already shotvn this phenomenon 

in a skeletal muscle in Fig. 8. 

Wlienever in the heart the injury potential — in other words, the local 
relative negative potential — disappears, the S-T deviation will disappear. 
In the case of disturbances of short duration (Pig. 7) this occurs because 
the entire process in the cells is still reversible and therefore the tissue 
elements return to their original condition and function without perma- 
nent changes having developed. In disturbances of longer duration 
that give rise to permanent local anatomical and functional changes, it 
occurs presumably liecause the remaining muscle substance is again 
enclosed by polarized membranes; while the developing connective tissue 
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cells, whieh furthermore are not concerned in the transmission of the 
action wave, must also he considered as being encapsulated by similar 
membranes. The demarcation after the injury is not the cause of the 
current of injury but is the cause of the disappearance of the cur- 
rent.-®’ 

Therefore, it will be just the fresh, electrically active changes in the heart sub- 
stance that vill be able to give rise to definite S-T deviations. "Wlien the lesion has 
once become electrically inactive or less active, a new lesion must be able to impress 
itself upon the electrocardiogram, as we observed in Monkej' G L -f E and as is per- 
haps also present in Monkey 4 L (tj’pes A and B). 

Hoav are the aftcr-rvaves, which develop so frequently during the re- 
gre.ssion of the S-T deviation, to be explained? 

As a rule those after-waves point in a direction opposite to the S-T 
de\dation and are accompanied by a prolongation of the ventricular com- 
plex, i.e., the ventricular sj-stole, so far as that is measurable in the 
electrocardiogram. Evidently, therefore, thej’^ are connected noth a pro- 
longed action of some part of the heart muscle (compare also®^’ and 
Pigiue 235 given by Einthoven®®). Considering that tlie direction of the 
after-wave is opposite to that of the S-T deviation, in other words that 
it is the same as that of the original current of injury, it seems possible 
that the after-wave must be attributed to a prolonged negativity of 
muscle elements near the lesion, i.e., a prolonged activity of muscle 
parts of especially that side of the heart where the lesion developed.® 

It is ImovTi of both heart and skeletal muscle that under mechanical 
overloading or after various functional injuries, such as in aortic 
steirosis,®® enlarged venous inflow,®® and fatigrre,®^ the contraction is 
proloirged, particularly in the phase of relaxation. It is possible tliat a 
comparable prolongation of contraction occurs iir the hearts in question 
siirce a resistance hr the circulator}’- system, in itself normial, may mean 
an increased resistarree to an injiued heart. The remaining muscle mass 
of the damaged ventricle may possibly need more time to bring the orig- 
inal systolic blood A’olume to the original irressure, and to eject it, than 
was needed formerly by the undamaged ventricle. A prolongation of 
systole may also pohrt to increased initial tension and diastolic size.® It is 
also quite conceivable that in some cases processes of compensator}’- 
hypertrophy, which we have often believed present in the remaining 
parts of the damaged ventricle, play a role and lead to a prolongation 
of conduction and activation.®® 

"Whatever the truth may be, in our opinion the after-rvave is to be 
regarded as the expression of a heart action altered in consequence of 
the lo.ss of foi-mer muscular elements. Further insight into the exact 
meaning of tliis wave will be obtainable only ■\\dien through the applica- 

•TIh- tlicory of tlic limRcfl potonlial flifforcncc.'? Ic-ids to interpretlnfr the nftcr- 
w:tvf .-i." .-i I.-ito rctroat of thf oxoitation wave In abor.'i which p'-oduce durinK activation 
a (Icflccllon in the opposite direction of the after-wave. i.e.. in tlic direction of the S-T 
deviation. Thi.s would tiicn also mc.an a late disactivatlon of fibers in the neigh- 
borhood of the Ie.sion. 
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tioii of adequate phj'siological methods a further inyestigatiou is made 
of the functional changes of various parts of the heart, not only in the 
acute phase, hut also during the period of cicatrization."^ 

We found that the after-wave as a rale was not accompanied by an 
increased duration of the QES complex and, even if septum lesions were 
absent, not by a definite eliange in this complex. In our opinion this 
mdieates that the components of the electrocardiogram, however one may 
consider them, are not shifted in their initial phases, so that probably 
some, beginning at their original time, are prolonged with or without 
a change in their detailed configuration. 

The following final remarks may serve to iirevent any misuuder- 
.standing. 

Solely for the sake of brevity we have used here and there the term 
“coronary electrocardiogram.” We wish to point out that, although on 
the basis of our experiments and observations we regard the eaiise of the 
S-T deviations discussed before to be a lesion manifesting itself elec- 
trically and althougli it seems to us to be permitted to extend this con- 
clusion to comparable eases in human patholog^^, we do not moan to say 
that each and every displacement of the S-T segment in any given elec- 
trocardiogram must necessarily point to a disturbance in the coronary 
flow or to a locally developed injury potential. 

The explanation of the fact that the S-T segment usually belongs to the 
equipotential parts of the normal electrocardiogram is not Iniown with 
absolute certainty. In the literature®^ two possibilities are suggested: 

1. All the heart muscle elements are in complete contraction so that 
there is no potential difference in any of them and thus no action 
current fiows through the galvanometer. 

2. There are indeed potential differences present in the heart muscle, 
but they happen to balance out, so that the manifest resultant of all 
potential differences in the eu.stomary leads happens to be zero. 

Now it is a common experience that sometimes in man small deviations 
of the S-T segment from the diastolic line may be observed without there 
being any reason to suspect the presence of a pathological heart or of an 
injury current. f In sevei-al of Einthoven’s classical “normal” curves 
they are also to be found. Is there in such an instance no period of 
collective contraction of the muscle elements, or do potential differences 
of such direction and size develop that a measurable resultant remains ? 
Or have certain potential differences either not developed at all, or to a 
smaller degree, or in other time relationships ? Can this occur to a cer- 

*The recent work of Wilson, Hill, and Johnston," made by direct leads in the doer’s 
heart, considers the disappearance of the electrical forces formerly produced by the 
muscle part deprived of its blood supply as concerned in the later changes of the 
electrocardiogram. 

tWe do not deny the possibility of the existence of such small physiological varia- 
tions in monkeys, but we have not seen them wiUi certainty and, in our opinion, they 
play no part in the observations we have desci'ibed. 
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tain extent in a healthy heart? Is it in this direction that an explanation 
must he sought for S-T displacements when the contractions of left and 
right yentricle are shifted in time, as in extrasystoles and conduction 
disturbances,®^ S-T deviations such as described in heart strain,®® and 
under the influence of digitalis®®? In both of these last groups of cases, 
however, lesions are also often found.-®- ®‘ Are displacements of the S-T 
segment as seen in rheumatic fever,®®- ®® pericardial effusion,"®- 
anoxemia,"^-^® yellow fever® based on the influence of an injury current 
as are those after eoronaiy obstruction ? 

In all such cases it will, in our opinion, he useful to determine the 
direction of the S-T axes and to look for a correlation with definite dis- 
turbances in the heart muscle and heart function. 

It is not our intention to enter further into these still outstanding 
problems at this time'. 

SUMMARY 

A further study was made of the acute results of coronary ligatioji 
on the functional conditions of the heart in the Javanese monkey 
(Macaca inis). In general, no acute dynamic changes in the action of 
the heart as a whole could be found after ligation. Therefore such 
changes cannot be the cause of the S-T deviations observed in such cases. 
Experiments on the isolated monkey heart lead one to accept the view 
that probably a local hypofunetion, perhaps preceded by a short local 
hyperfunetion, occurs in the portion of the heart deprived of its blood 
supply. The time relationships, however, show that they cannot be the 
cause of the S-T deAuations observed. A depressed conduction or a de- 
formation current is also excluded as a possible cause of the S-T de%da- 
tion after ligation. The S-T deviation after ligation is explained to be, 
in its time relationships and its direction, the result of the development, 
temporaiy existence, and successive disappearance of a current of injury. 
The direction of the current of injury in the heart depends upon the 
site of the lesion. The direction of the S-T axis is the reverse of that 
of the original injury current and results from systolic compensation 
of this iirjuiy current. The string is deflected or influenced by the 
injurj- current especially during diastole. The development of a local 
electronegativity during diastole was observed in experiments on isolated 
monkey hearts, the coroirar-y perfusion of which was interrupted. This 
local electronegativitj' proved to develop quicldy and to be reversible 
in the isolated heart in case of circulatory distrrrbance of short duration. 
The same quick development and rever-sibility proved to be present 
in the S-T deviation of a monkey during and after occluding the anterior 
descending branch for a .short time. Eeasons are given why, for 
detenrrining the dii-eetion of the S-T axis from the electrocardiogr-am, that 
point is taken at which the deviaton springs from the QKS complex. 
The relation of the site of the lesions to the direction of the S-T axis is 
described. Septum lesions pi*obably tend to cause an S-T axis in the 
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'‘mixed” sector. Frontal lesions may occur ivitliout S-T deviations in 
tlie conventional leads, Tlie principle of the "mirror image lesions” 
is described, being lesions in opposite parts of the heart which, by similar 
projection of their electrical components on a frontal plane, give similar 
electrocardiographic changes and therefore cannot be differentiated in 
the standard leads. Disappearance of the S-T deviation is attributed to 
disappearance of the current of injury, which fact may or may not mean 
restoration of function. Especially the fresh, electrically active lesions 
ivill be able to produce S-T deviations. The after-wave is probably 
the result of a prolonged action of fibers in the neighborhood of the 
lesion. Not every displacement of the S-T segment in any given electro- 
cardiogram must necessarily indicate a disturbance of the coronary flow 
or a local development of an injury potential. 
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PULMONARY INSUFFICIENCY WITH A SUPERNUMERARY 
CUSP IN THE PULIMONARY VALVE 

Rj:port of a Case with Review of the Literature®' 

IMilton Kissin, M.D. 

New York, N. Y. 

A CASE is reported here of a patient who during life suffered from 
pulmonary insufficiencj’’ and whose heart at necropsy presented 
four pulmonary cusps and commissures. Pour pulmonary cusps as an 
accidental post-mortem finding occurs once in a thousand necropsies hut, 
combined with clinical insufficiency of the valve, only three definite cases 
have previously been reported. Nevertheless, investigation of the litera- 
ture indicates that the clinical diagnosis of tlie valvular anomaly might 
be made more frequently, and it is for this reason that the ease and a 
survey of the literature are presented. 

REmW OF LITERATURE 

Reports of 151 eases of hearts with four pulmonary cusps were found 
in the literature. Further, through the courtesy of Dr. Maude E. 
Abbott, it is possible to include three additional cases from the IMedical 
Museum of McGill University,^ making a total of 154 cases. 

]\Iost of the reports of these 154 cases were purely anatomical, giving 
no information as to the patients’ clinical statuses. Howevei*, in 24 
cases mention was made of the presence or absence of physical signs of 
pulmonary insufficiency during life. Of these 24 cases, in 3 there was 
clear clinical evidence, in one possible evidence, and in 20 no definite 
evidence of pulmonary regurgitation. All 3 cases in which there was 
clear evidence of pulmonary incompetence during life, likewise included 
evidence at necropsy. In the one case in which there was possible evi- 
dence of clinical insufficiency, no mention was made of anatomical in- 
sufficiency. Of the 20 cases in which no signs or symptoms were ob- 
seiwed, in 17 there was no ertdence of vahmlar ineompetency noted at 
necroj)sy. and in 3 cases a dilated pulmonary artery was found. 

In addition to these cases, there were seven I’cports which failed to 
mention the physical findings during life, but in which evidence of 
pulmonary insufficiency was discovered at necropsy. 

Begbie,^ Bernabei'^ and Kolisko®® repoited the three cases in which 
definite evidem-c of i)u!monary incompetence w:is observed during life. 

•From Uio Mctliral Sfcrvlco of the late Pr. M-arciip A. Rothschild, Beth IsnicJ 
Hofpltnl, Xew York. 
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In Begbie’s case,-* a lioy eigliteen years old first consulted the physi- 
cian lieeause of shortness of breath aggravated b 3 ’- exertion. From 
earliest recollection he had been unable to run with other boj’s. There 
were present on examination a basal s.ystolic thrill and a loud blowing 
systolic murnnir along the left sternal border at the level of the third 
rib, followed bj* a diastolic murmur of lesser intensity. The sj'^stolie 
murmur radiated to the entire upper chest, whereas the diastolic was 
limited to the site of maximum intensity. At the age of twenty-one j^ears 
the bo 3 ' died of a fractured skull. The heart anomaty was discovered at 
post-mortem examination In’ Haldane.^® There were three pulmonary 
cusps of ordinal'}’ size and a fourtli wliieh was smaller than the others 
and imperfecti}' separated from one of them. The water test showed 
slight, incompetence of the valve. The other valves were normal, the 
heart, was normal in size, and the right ventricle was not dilated. 

In Bernabei’s case" a man of fifty-four years died of “collapse” of the 
heart during a resolving pleuropneumonia. He had suffered from at- 
tacks of nocturnal asthma and palpitation for some time before his 
terminal illness. A soft, ivcak thrill ivas felt during s.ystole and diastole. 
Over the area of the thrill was lieard a liarsh double murmur. The 
s.vstolic murmur was the louder, being loudest at the apex. The diastolic 
murmur was softer and was loudest in the fourth intercostal space to the 
left of the sternum. The second pulmonic sound was clear and sharp. 
The second aortic sound was lower pitched and was followed bj’- a faint 
short systolic blow. At necrops.v the pulmonarj’- arter}* appeared aneu- 
rj^smal and measured 16 cm, in circumference at a distance of 3 cm. 
from its origin. There were four pulmonary cusps, of which three were 
of equal and normal size, and a fourth cusp which was of the same 
iieight and thickness but narrower. 

In Kolisko’s case"*' a woman of thirtj’-four j’oars thought she was 
pregnant because of .swelling of the abdomen, but actualty she suffered 
from circulator}’- insufficiency, with ascites, which caused her death. She 
had suffered for many years from palpitation of the heart, and from 
time to time from pain in the ehe.st and difficulty in breathing. She 
came into the hospital complaining of shortness of breath. Physical 
examination disclosed the evidences of circulatoiy failure,* distention of 
the neck veins, c.yanosis, d.vspnea, ascites, and edema of the lower ex- 
tremities. Sy.stolic and diastolic murmurs were present. On admission, 
the systolic murmur was heard equally well over the apex and the base 
of the heart. The diastolic murmur was heard best at the left upper 
border of cardiac dullness. A week after admission both murmurs were 
heard only over the pulmonary area. A slightly patent foramen ovale 
was found at autopsy. There were four pulmonai-y cusps, of which three 
were normal in size, and the fouidh about half as wide. The right 
auricle, right ventricle, conus arteriosus, and pulmonary artery were 
dilated. 
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HodenpyP’- reported tlie case in which possible evidence of pulmonary 
incompetence was observed during life. In this case a Avell-marked pre- 
systolic miu’mur Avas heard during life, hut the location of the murmur 
AA'as not given nor the anatomical findings other than the supernumer- 
ary pulmonary eusp. 

In the cases of Cattell,^’^ Klob,^® and Thompson,®® the hearts presented 
at necropsy dilated pulmonary arteries, hut during life the murmur of 
pulmonary insufficiency Avas not heai’d. 

The seven case reports in Avhich evidence of pulmonary insufficiency 
was noted onlj' at necropsy include the following. In Boettcher’s sixth 
case,® necropsy revealed obvious insufficiency of the pulmonary valve. 
In Briininghausen’s second case,^® a man aged sixty-four years .suffered 
for years from shortness of breath. No examination of the chest Avas 
made before death. But at neei'opsy the right Amntriele Avas found 
enormously dilated and the AAmll greatly tliickened. In one of Dilg’s two 
cases,-- a year-old boy, Avho died of atelectasis of the lungs and intestinal 
catarrh, presented at necropsy a dilatation of the pulmonary artery and 
right Amntriclc. In Lindenberg’s fir.st easo,^'* at post-mortem examination 
a Avide pulmonary artery Avas seen. In VirchoAv’s casc^- the right side of 
the heart (in a man of fifty-six years) was found greatly hypertrophied, 
and the pulmonary conus and artery AA'ere dilated. The pulmonary 
Amlve A\ms incompetent. No clinical account accompanied this report. 
In one of Yiti’s tAvo eases'® a Avoman died in the sixth month of preg- 
nancy foIloAving cardiopulmonary complications. Dilatation of the pul- 
monary arteiy and riglit A'cntricle and buttonhole mitral stenosis Avcrc 
found. One could not be certain of the cause of the arterial dilatation, 
Avhether it Avas secondary to the mitral stenosis or to the vahmlar 
anolnal3^ In Wauehope’s second case'® necropsy rcAmalcd a dilated pAil- 
monary artery. 

Frequency. — Dagnini^® found 5 cases of four pulmonary cusps in 
5,000 necropsies at the Institute of Pathological Anatomy of Bologna 
from 1925 to 1929, inclusiA-e. De Vries®^ found 9 cases in 3,G00 in 
Amsterdam. Houck®® encountered 2 cases in 5,000 at the IMassaehusetts 
General Hospital. Siinonds®® found one case in 20,000 coroner’s exami- 
nations in Chicago. Simpson®^ found 4 eases in 4,252 necropsies at the 
West Biding Asylum, AYakefield, England. Thilo®' found 3 cases in 
5,814 at Leipzig. In 23,416 nccroiAsies, 24 cases of four pulmonary 
cusps Avere discovered. 

Sex and Age . — Of tlie.se eases in Avhich the sex Avas mentioned, 44 
AA'ere in males and 25 in females. The age of the patients at death 
A'aried from five months to eighty yeans, the aA'cragc being fortj' years. 
In no instance could one detinitelj' attribute the death of the patient to 
the presence of the anomaly. 
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Size and Site . — Siiporniimerary pulmonary cusps may be classified 
according to size. There are cases in wliicli one cusp is smaller and the 
other three larger and ecpial, eases in which one is larger and the other 
three smaller and equal, cases in which all the cusps are the same size, 
in which two cusps are smaller and tAvo larger, and in AAdiich no tAvo 
cusps are of the same size. Most of the eases, lioAA^eA'er, resemble the one 
here reported in that there are three larger cusps and one small one. 

In many instances the supernumerary cusp is deformed, imperfect, 
or slirunken. Often it is fenestrated. 

The site of the supernumerary ciisj) Agarics in that it may lie bctAA^een 
the left and anterior, anterior and right, or left and right cusps. 

REPORT OF CASE 

F. E., a Avido^v, forty-one years old, came to the out-patient deportment of Beth 
Israel Hospital in 1925 complaining of headache, shortness of breath, and pal- 
pitation on moderate exertion, of three years’ duration. There Avas no history of 
rheumatism or syphilis. 

Physical examination rcA-ealcd a AA'ell-noAirished Avoman Avho appeared comfortable. 
Her blood pressure Avas 205/140, the pidse rate 96, Avith occasional extrasystoles. 
The second aortic sound was accentuated. There AA’as a soft systolic apical murmur. 

In July, 1926, there was heard for the first time a diastoJic murmur over the 
'pulmonic area. 

In February, 192S, she complained of shoifness of breath, iialpitation, and cough 
on slight exertion. A split first sound A\-as heard at the apex. 

In April, 1928, a faint diastolic blowing murmur and a rough SA’stolic murmur 
Avere Jieard over the j’ulnionary ai-ea. The liver edge Avas palpable tAvo fingerbreaths 
beloAV the costal margin. The blood pressure Avas 224/110. 

In Hoveinber, 1928, ophthalmoscopy rcA’ealed retinal hemorrhages. At this time 
fluoroscopic findings (Dr. Hemet) AA'erc; triangular lieart, moderate enlargement 
of the left ventricle, marked prominence of the pulmonary artery and conus, oblitera- 
tion of ' almost the entire retrocardiac sjAace, widening of the aorta. 

The patient AA'as admitted to tlie hospital for the first time on Sept. 24, 1929, 
complaining of jAersistent occipital headache, swelling of the ankles, palpitation, 
poor Ausion, and shortness of breath on exertion. For tAvo months lArevious to ad- 
mission she had been dyspneic on the slightest exertion, developing pounding of 
the heart and tingling and jAain in the extremities. Further, Avith the dyspnea, 
she began to cough and to raise blood-tinged siAutum. 

There Avere scattered sibilant rfiles OA-er both lung fields. The apex beat Avas 
palpable in the fifth left interspace; the heart rate Avas regular. There Avere present 
a bloAving, soft, apical systolic murmur, a low-pitched basal systolic murmur, and 
a faint, high-pitched basal diastolic murmur. The blood pressure Avas 260/150. 

Kidney function AA'as good. The blood ‘Wassermann test was negatrae. The 
roentgenogram of the chest (Fig. 1) shoAA-cd congestion of both lungs, accentuation 
of the pulmonary conus, generalized enlargement of the cardiac shadoAA', and a 
heart shape characteristic of mitral valA’ular disease. Ophthalmoscopic examination 
shoAved retinal edema and hemorrhage. 

Tlie patient was discharged on Nov. 12, 1929, as improved. 

Second Admission . — She Avas readmitted Jan. 6, 1930, liaAung remained at home 
in bed from the time of discharge, tAvo months before. Four days prior to ad- 
mission the patient suffered a sudden scA-ere headache Avhich lasted for tAvo days. 
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She had also precordial pain and palpitation and -was dyspneic. The day before 
admission she awoke from sleep dazed, recognized no one, recalled nothing, but 
suffered no paralysis. The fingers of both hands developed a pins-and-needles sen- 
sation, and her entire left arm felt weak. 

The blood pressure was 230/140. The heart rhytlim was normal, and the heart 
was much enlarged. There w'as a rough systolic murmur at the base of the heart, 
heard best over the sternum; a faint diastolic murmur, heard best in the pulmonaiy 
area; and a faint systolic apical murmur. A few crepitant rales were heard over 
both lung bases. The liver edge was two fingerbreaths below the costal margin, 
and tender. There was no edema of the legs. 



Fif^. 1 . — Roentgenogram taken September, 1929. Note the generalized enlargement of 
the cardiac shadow, and particularly of the pulmonary conus. 


Koentgenograms of the chest showed the heart shape characteristic of mitral 
valvular disease. The electrocardiogram showed bundle-branch block. Kidney func- 
tion was normal. 

The patient was discharged April 14, 1930, in an improved condition. 

During the summer, while under observation in the out-patient department, she 
developed auricular fibrillation. This, however, caused no change in her condition, 
as she was welt digitalized. 

Third Admission . — She returned to the hospital for the third time on Oct. 11, 
19.30. She had been fairly comfortable until three days prior to admission when 
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A roentgenogram of the elicst (Pig. 2) revealed a mitral heart configuration, 
with marked enlargement of the pulmonary conus. The blood pre.ssure readings 
were as follows: left upper extremity'-, 200/124; left lower, 202/134; right upper, 
176/118; light; right lower, 192/134. 

The patient did not improve with digitalis and the theobromine preparations. 
She complained constantly of pain over the liver. She died suddenly on Dec. 3, 
1930. 

The diagnosis considered most likelj- was mitral stenosis with aortic insufficiency. 
The basal diastolic murmur was louder and more constant and had a wider propa- 
gation than the usual Graham Stcell murmur. This suggested the origin of the 
murmur in the aortic valve rather than in the pulmonic. Furthermore, the patient’s 
jiulse pressure was so high (60 to 110 mm.) that a Corrigan pulse was present. In 
retrospect we realize that we should have been impressed by the enlargement of 
the pulmonaiy conus and the negative Hill’s sign.si 

Post-Mortem Findings 

The post-mortem cxamuiation was made by Dr. Alfred Plaut, to whom I am 
indebted for the pathological report. The body was that of a middle-aged white 
woman of medium height who was fairh* well nourished. The heart findings only 
are given in detail. 

Tlie heart weighed 575 gm. and measured 11 by 10 bj' 6 cm. The apex was 
formea by the left ventricle. The left edge of the heart was very much rounded. 
The right ventricle was not as hard as the left but still was fairly well contracted. 
The mitral and tricuspid ostia were normal in width. The left ventricle was wide, but 
not in relation to the thickness of its wall. The anterior wall reached a thickness 
of about 3 cm. The papillary muscles were thick and slightly flattened. Tiro 
trabeculae wore more flattened than the papillary muscles. The up]>er lialf of the 
anterior portion of the septum was thinned out in a circular area nearly 4 cm. in 
diameter. 'The inner posterior margin of this area came fairly close to the location 
of the bundle of His. Tliis margin was vertically below the commissure between 
the right and posterior aortic cusp. The lower margin of the area of myomalacia 
was situated at the origin of the posterior capillary muscle, while its uppermost 
end nearly touched the septum membranaceum. The area surrounding the coronarj' 
vein on the right side of the septum atriorum was intact as was the lower edge 
of the septum membranaceum. -The tissue of the septum outside tl.o area of myo- 
malacia appeared intact. In this circular area, which lay a few millimeters below 
the level of the surrounding endocardium, the color gradually changed from reddish 
brown to purplish yellow. The wall in the center of this area was thinned out to 
about 4 mm. Directly under the endocardium there were yellow streaks which 
corresponded to the yellow areas seen from the inside. The mitral and aortic 
valves appeared normal except for small thickenings. The commissures were not 
widened. The aortic ostium, after opening, measured 6 cm. The tricuspid valve 
was intact. The pulmonary ostium, after opening, was a little over 7 cm. wide. 
The pulmonary valve, notably the anterior cusp, stretched considerably when the 
o.'itium was opened. The inilmonary arteiy was very inelastic, notably in com- 
parison with the rather elastic aorta. A few small yellow spots were vi.siblc in 
the intima over the attachment of the ligamentum arteriosurn. Otherwise the pul- 
monary arterj- appeared intact. 

Tiiere was an extra commissure between the right and the anterior cusp, making 
an abortive supernumerary cusp, 4 mm. wide (Figs. 3 and 4). The commissures 
were nearly equal in length and created a fold on the inside of the pulmonary 
valve when the valve was pulled downwird. They difl'cred in thickne.ss, the left 
one being considerably thicker th.an the right. Only the right commissure united 
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tlie upper edge of tlie valve TOtli the pulmonary artery and with the edge of the 
neighboring cusp. The tliiclcer commissure united the anterior cusp to the pulmonary 
artery and was attached nearly 2 mm. below the fiee margin of the valve. 

Tlie right ventricle was considerably narrowed by the bulging of the hyper- 
trophic septum. The papillary muscles were slightly tliickened. The trabeculae 
appeared more hypertrophiCj notablj* over the septum. They were not flattened to 
any marked degree. The anterior wall without trabeculae had an average thick- 
ness of 3 mm. The myocardium was veiy firm throughout with the exception of 
the above mentioned area of myomalacia. It was very shiny, pale pink, homo- 
geneous, with very indistinct markings on the cut surface. The upper half of the 
left posterior papillary muscle contained gray and yellowish spots. Long section 
through the left anterior papillaiy muscle revealed extensive scar formation. The 
subepicardial fat, wliich was fairly thick, was well separated from the myocardium. 
The ascending aorta as elastic and thin, and there was much atheroma but no 
sclerosis. The left coronary artery was normal in width but was atheromatous. 
Tile wall was not hardened and the lumen not narrowed. Behind the left edge, 



Fig-, 3. — dimple is visible at the site of attachment of the supernumerary 
commissure. The supernumerary cu.sp is left of this commissure. This illustrates 
the case with which the anomaly may be overloohed. 

Pig. 4. — The abortive supcrnuinerary cusp lies between the anterior cusp, wliich lias 
been pulled down, and the right cusp. 

howeverj tliick, firm, yellow masses narrowed the lumen and occluded it completely 
5 cm. from the aorta for a distance of about 0.5 cm. Below the occlusion the lumen 
was fairly normal and the wall of the artery thin. The ramus descendens anterior 
was considerably atheromatous down to the middle of the left ventricle, where the 
wall became normal. The right coronary artery was normal in width nearlj* up 
to the riglit edge, although many yellow deposits were found in the intima. Directly 
behind the, right edge, the lumen was occluded for a distance of 5 cm. by an ad- 
herent, red thrombus. The thrombus was situated in a moderately narrowed vessel 
with considerable atheromatosis. Beyond the thrombosis the lumen was slightly nar- 
rower than the normal. There was considerable atheromatosis of the horizontal 
branch, wliile a branch going down toward the apex appeared fairly normal c-xcept 
for its beginning. The myomalacious spot was situated directly below the point 
of occlusion. 
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The aortic arch -was moderately arteriosclerotic. The thoracic aorta was elastic, 
with considerable atheromatosis. Its average width was 5 cm. 

Microscopic Examination . — ^In the thin portions of the pulmonary valve, includ- 
ing the normal commissure, only minor changes could be detected. There were, for 
instance, small accumulations of round and elongated nuclei in the endocardium. 
Hot far from the free edge of the valve there was an oblong area where the tissue 
was very loose, did not stain with eosin, and contained a relatively large number 
of round, large nuclei. There were larger areas in the thin valve which appeared 
homogeneous and contained very few nuclei. The neighboring myocardium con- 
tained many small scars. 

In the normal commissure there were accumulations of round cells in the loose 
tissue between the pulmonary valve and the aorta. The pnlmonarj' valve appeared 
intact. The aortic valve was tliickened and the nodulus calcified. Tne wall of the 
heart below the abnormal commissure contained nothing imusual. In the sections 
from the abnormal commissures, no inflammation was found. There were, however, 
some cellular aggregations in the pericardial fat. 

Diagnosis . — Hypertrophy of the heart. Sclerosis of the coronary arteries, notably 
of tbe left circumflex branch. Eecent thrombosis of right circumflex branch. Cir- 
cumscribed myomalacia in outer and upper part of left ventricle. Abortive super- 
numerary cusp (congenital) of the pulmonary valve. General arteriosederosis. Swell- 
ing of spleen. Swelling and fatty change in liver. Healed tuberculous focus in 
middle lobe of right lung. Submucous hemorrhages in small intestine. Submucous 
nodule in duodenum (aberrant pancreas). Myomata uteri. 

DISCUSSION 

The patient had essential hypertension which became "malignant.” 
Sclerosis of the coronary vessels resulted in myocardial Aveakening and 
circulatoiy failure. Death came when the sclerotic coronary vessels be- 
came thrombosed. The only valvular lesion of the heart was the super- 
numerary cusp in the pulmonary valve. The apical systolic murmur 
was either functional in origin or Avas transmitted from the pulmonary 
valve. The apical diastolic sound was probably the third heart sound 
of gallop rhjdhm. The basal diastolic murmur and the enlargement of 
the pulmonary conus obseiwed in the roentgenograms Avere caused by 
pulmonary insufficiency. The generalized enlargement of the heart 
shadoAV Avas due to hypertrophy and dilatation of the heart. 

An important question must be ansAvered. Did the presence of the 
supernumerary cusp in the pulmonary Amlve render the valve incom- 
petent or AA'as the cusp an adA^entitious finding? LongAA'orth®" in 1878 
demonstrated that the optimum number of semilunar cusps is three. 
For maximum efficiency of the pulmonarj' vah'e, the cusps dux’ing sys- 
tole .should lie flat against the arterial AA’all Avhereas during diastole the 
segments should fall together and come in contact Avith each other as 
far as the center of the arteiy. To fulfil these tAvo conditions the com- 
bined length of the free borders of ail the cusps must equal the cir- 
cumference of the artery and the length of each free border must equal 
tAvice the radius of the artery. Only if there are three cusps will both 
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conditions be fulfilled, inasmuch as three diameters (or more exactly 
•TT or 3.1416) equal the circumference. Two, four, five, or any other num- 
ber of valvular segments can fulfil only one of the two conditions. (Fig. 
5.) It may be said, therefore, that in the case here presented, the pul- 
monary A'alve did not operate at maximum efficiency. 

At necropsy the pulmonarj^ valve did not appear unquestionably in- 
competent, but during life it most probably was. Normally, the pul- 
monary ring is more distensible than the aortic ring (Gibson®®), and it 
is likely in this case, since an inelastic pulmonaiy arteiy was found 
post mortem, that the pulmonic ring was stretched during life. The 
valvular anomaly probably permitted at the pulmonary orifice a slight 
degree of regurgitation ivliich was negligible for many years until left 
ventricular failure developed and the pressure in the pulmonaiy cir- 
cuit rose. As the pressure rose, the valve became increasingly incom- 
petent. 



3Fig-. 5. — Influence of the number of cusps on efficiency of semilunar valve. Upper 
row, valve closed, lower row, valve open. 

A, three cusps, efficient ciosure, efficient opening-. Length of free border of each 
cusp equais two radii or one diameter. Combined lengths of free borders equal six 
radii or three diameters. Circumference also equals three diameters or more exactly, 
3.1416 X diameter. When valve is closed, cusps are just long enough to meet in 
center without overiapping. MTien open, free borders lit closely against arterial wall 
without overlapping. 

B, four cusps, efficient closure, inefficient opening. Combined length of free borders 
• equals eight radii or four diameters. Mlien valve is open, there is excess length of 

one diameter (more exactly, six-sevenths diameter) so that cusp borders overlap. 

O, four cusps, inefficient closure, efficient opening. Combined length of cusps equals 
three diameters. Each cusp’s iength is only three-fourths diameter and cannot close 
up to center of artery'. 

B, two cusps, efficient closure, inefficient opening. Combined lengtli of free borders 
equals two diameters. Cusps cannot move and valve cannot open. 

E. two cusps, inefficient closure, efficient opening. Combined length of free borders 
equals three diameters. Each cusp's length is one and one-half diameters, an excess 
of one-half diameter for each cusp when valve is closed. 


■With beginning failure, tvliile the pulmonary arterial pressure was 
still loAV, tlie degree of regurgitation was slight. During the last month 
of life, the murmur of pulmonary insufficiency became louder and 
louder because the degree of regurgitation increased. The left ven- 
tricle failed progressively, the pressure in the pulmonary circuit rose 
higher and higher, and the valvular ring dilated increasingly. At first. 



216 


THE a:merican heart journal 


■while the circulation -was still competent, the roentgenograms disclosed 
no enlargement of the pulmonary conus. Later, the pulmonary conus 
shoAved a moderate degree of dilatation. Still later, when the miirinnr 
was loudest and the regurgitation greatest, the conus Avas largest. 

criterlv for diagnosis 

The appreciation of a condition often leads to its recognition. The 
next ease, it is hoped, aaoII not be overlooked. In Pitt’s series®^ of cases 
of pulmonary insufficiency assembled from the literature and from the 
records of Guy’s Hospital, there Avere sixteen cases of pulmonary insuf- 
ficiene.y associated AAdth an abnormality in the number of pulmonary 
cusps. In six cases there A\'ere four cusps, in nine cases tAA'o cusps, and 
in one ease five cusps. 

It is clear from a study of the literature that four cusps in the pul- 
monary valve may occur Avithout symptoms or signs of pulmonary in- 
sufficiency. It is quite likely that many of the cases reported as lack- 
ing signs were not examined for a diastolic murmur in the pulmonary 
area. In other cases, it is possible that regurgitation and a diastolic 
mui’mur Avere not present, although the valve A\ms incompetent anatom- 
ically, because the pulmonary arterial pressure Avas lower than the right 
ventricular pressure.®^ At any rate, those cases AAduch lack clinical 
evidence of the anomaly can be discovered only post mortem. 

But there are cases Avith clinical manifestations of pulmonary insuffi- 
ciency. In eases of pulmonary insufficiency, in the absence of another 
cause, such as bacterial endocarditis or miti’al stenosis, a congenital 
anomaly, .such as four cusps, or tAvo cusps in the A’alve, may he sus- 
pected. Pulmonary insufficiency must be considered Avdien a diastolic 
murmur is heard at the base of the heart in the absence of the peripheral 
signs of aortic insufficiency. When marked enlargement of the pul- 
monaiy conus is obserAmd in the roentgenogram (SehAA'ai’tz®'’*), pulmonic 
incompetence is suggested. Fluoroscopic findings are often character- 
-istie. There occurs a pulsation of the pulmonary arlexy — “the dance of 
the hiluses”®” — comparable to the dATiamic aorta seen in aortic insuffi- 
ciency. 

Pulmonary insufficiency is accompanied by hyperti’ophy and dilatation 
of the right ventx’icle and right auricle and often of the pulmonaiy 
artery itself. The tricuspid vah'c may become incompetent, Avith the 
evidence of a large pulsating liA-er and jugular I’eflux. Dyspnea may 
bo extreme and disproportionate (Sansom®'). 

SUMMARY 

1. A case of pulmonary insufficiency is described in Avhieh a loud 
diastolic mui’mur Avas heard at the base of the heart and in Avhieh foui 
cusps in the A’ah’e AA'cre found at xieei’opsy. 
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2. Keview of tlie literature reveals that a supernumeraiy pulmonary 
cusp may occur witliout signs or symptoms. The anomaly may be asso- 
ciated, as in the ease here presented, with pulmonary regurgitation. 

3. The diagnosis has never been made ante mortem. 

4. Three semilunar cusps are the optimal number. If there are four 
cusps (or two or five), the pulmonary valve cannot operate at maximum 
efficiency (Longworth®-) . 

5. There are cases in which unexi)lained basal diastolic murmurs are 
present with no evidence of aortic insufficiency. It is suggested that 
some of these are due to an anomaly of the pulmonary valve. 

I wisli to acknowledge my indebtedness to tlie late Dr. Marcus A. Eotlischild 
for liis aid. 

su:m:mary op cases of four pulmonary cusps 

1. a.'’ to.lSD Ecf.: E.V.H. 21/^^. Female, aged fifty-six years, who died of 
chronic nephritis and arteriosclerosis. Posterior segment little larger than others 
and sinus behind it is divided into unequal parts by delicate rapJie 5 mm. from 
left comer. Raphe is half height of sinus. 

b. IJl.lSts Ref.: ."959 P. 255/08. Male, three and one-half months old, who died 
of inanition. Heart small size and atrophic. Ductus arteriosus patent. Three cusps 
larger ami of equal size,: fourth narrower, about one-half width of others, fenestrated 
and dipped a little deeper into the heart musculature. Between left and right 
I)osterior cusps. 

c. 18.1S13 Ref.: E. 7892 il.G.H. 192/22. Female, aged thirty-nine years. No 
cardiac symptoms. Died following operation for right hydronephrosis. Heart nor- 
mal size. Tricuspid valve slightly abnormal — septal and infundibular cusps in- 
serted directly into pars membranacea, leaving 0 mni. interval between them. Left 
auricle much smaller than right. Left ventricle hypertrophied. Mitral valve scle- 
rotic. Right auricle capacious but not hypertrophied. Pulmonary artery larger 
than aorta, 7.2 ' cm. diameter. Cusps well formed, delicate fenestrated. Three seg- 
ments equal, 2 cm. wide, fourth, 1.4 cm. Between anterior and right posterior cusps. 

2. a. Male, aged thirty -six years, who died of a “compound heart defect.” Di- 
lated and luTiertrophied heart. Incompetent aortic valve. Dilatation, ulceration, 
and atheroma of aorta. One cusp smaller than other three. Small cusp on posterior 
wall between right and left cusps. Larger cusps .3 cm. across, small cusp 2 cm. 
Large cusps 17 nini. deep, small one 7 inm. Large cusps semilunar shaped, small 
cusp funnel shaped, broader below. Each cusp possessed a corpus Arantii. 

h. Female, forty-two years old, who died of pulmonary edema. Mitral stenosis. 
Hypertrophied and dilated heart. One of cusps small. All four fenestrated and 
had thickened corpora Arantii. Larger cusps 2.5 cm. across, smaller 1.5 cm. Depth 
of larger ’cusps 1.5 cm., of small 1.2 cm. Small cusp between anterior and right 
cuspi “Small cusp a little swelled out below. 

''e. Male, twelve years old, who died of miliary tubei-culosis. Two cusps half 
'as large as other two. Larger ones each 2 cm. wide, smaller 1 cm. Depth of larger 
cusps, 1.5 cm., of smaller 1 cm. One anterior cust?, one right, and two left (the 
smaller). Two smaller cusps partly fused together and attached to arterial n-all 
only above and below. Each cusp possessed a corjms Arantii. 

■ ' 3. Picture of' valve with four cusps, all fenestrated. 


♦The numbers correspond to the reference numbers. 
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4. Male, aged twenty-one years. Dyspnea on exertion. Systolic and diastolic 
basal murmurs. Right arm smaller than left from birth. Died of a fractured shull. 
Pulmonary valve slightly incompetent to water. Three cusps of ordinaiy size, 
fourth much smaller and imperfectly separated from one of other cusps. 

5. Male, fifty-four years old. Nocturnal asthma and palpitation. Systolic and 
diastolic thrill. Systolic apical murmur. Diastolic murmur heard best m fourth 
left interspace. Died of “collapse” of the heart. Resolving lobar pneumonia. 
Hypertrophy of all heart cavities. Aortic valve and aorta atheromatous. Mitral 
cusps retracted. Pulmonary artery aneurj'smal, circumference 3 cm. from origin 
measured 160 mm. Three cusps of equal and normal size, fourth smaller. Dif- 
ference in size limited only to width; height and thickness equal to that of other 
three. Valve sufScient. 

G. Male, aged fifty-seven years, wlio died of tuberculosis. Two anterior valvules 
larger. Two posterior valvules one-half less than others in size. All cusps reticu- 
lated. Right anterior cusp 21 mm. wide by 20 mm. deep, left anterior 21 by 26 
mm., right posterior 14 bj' 15 mm., left posterior 13 by 13 mm. 

7. Two cusps of equal size, tliird smaller, fourth very small, rudimentary, but 
perfectly formed with a corpus Arantii. 

8. Case 4. Three cusps of equal size, 2 to 2.5 cm. nude, 2 cm. deep. Fourth cu.sp 
half as large, 1.2 cm. wide and 1.5 cm. deep. 

Case 5. Moderate hypertrophy of left ventricle. Thickening, calcification, and 
insufficiency of mitral valve. Aortic valve tliickened. Patent foramen ovale (size 
of lead pencil). Three cusps of same size, 1.5 to 2 cm. wide, fourth smaller, lying 
between right and anterior cusp. Free margin 0.7 cm. wide. From free margin 
to floor of pocket 1 cm. 

Case 6. Right ventricular musculature relatively thick. Patent foramen ovale 
(size of lead pencil). Three cusps of equal size, 2 to 2.5 cm. wide, 1.5 to 2 cm. 
deep. Fourth cusp between anterior and left cusps; 0.3 cm. wide at top but in- 
creasing in width toward lower border, forming a narrow-mouthed pocket. AH 
cusps adherent at tips. Insufficiency of valve. 

9. JNo cardiac symptoms or signs. Death from tuberculosis. Fourth cusp be- 
tween internal and posterior cusps. Like others except in size. After alcohol 
fixation, 10 mm. across, the others 24, 19, and 18 mm. 

10. a. Female, aged thirty-six years. Patient epileptic. No cardiac symptoms or 
signs. Diffuse acute periencephalitis, atrophy of brain, acute croupous pneumonia, 
hyperemia of abdominal organs, atheroma of aorta. Three cusps equally large, 1.5 
cm. wide, fourth one-half the size. All cusps fenestrated along free margin, small 
cusp more than others. 

b. MaIe,'mxty-four years old. In liis last years suffered from shortness of breath 
on the slightest exertion. No physical examination of the chest before death. Large 
heart. Left ventricle dilated, walla thickened. Bight ventricle enormously dilated, 
wall greatly thickened. Aorta atheromatous. Atrophy and edema of brain, edema 
of lungs, hyperemia of spleen and kidneys. Three cusps about same size and shape 
(2 cm. ivide), fourth half that size. All cusps fenestrated, fourth moie than others. 

11. Male adult. No cardiac signs. Died from gangrene of the lung. Fourth 
cusp between right anterior and posterior segments, similar to others in* shape but 
much smaller. Depth one-third that of others, breadth one-fifth that of others. 
No corpus Arantii. Sinus communicated with sinuses of neighboring cusp.s. Valve 
compefent. 

12. Male, sixteen months old, who died of bronchopneumonia. Supernumerary 
cusp situated a little below level of attachment, of other cusps. Distinct corpus 
Arantii. 
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13. Description of case not available. 

14. Male, eighty years old. Occasional attacks of vealmess. Mitral regurgitant 
murmur. Aortic sounds double. No definite history of a tricuspid murmur. Heart 
enlarged, weighed 27 ounces filled with blood. Aortic valve incompetent to water. 
Walls of right ventricle thin. Pulmonary artery enlarged. Valve incompetent to 
water. Circumference of artery just above valve, 9 cm.; broadest portion of artery 
just before bifurcation, forming a pouch 14 to 16 cm. in circumference. Pour per- 
fect cusps. 

15. a. Three of curtains well formed, but there was an additional sigmoid pouch 
capable of holding a pea. 

b. Septum between two of the cusps longer tlian others. 

c. Very minute, imperfectly formed additional cusp formed by a little curtain 
supported above bj' slender cords. 

d. Still more minute extra cusp not only attached laterally to the artery by 
tendinous cords, but also presenting a thin membranous bridle which extended upward 
from that portion of the free edge at which the corpus Arantii is usually situated to 
the arterial wall above. 

e. Pour perfectly formed sjmmetrical leaflets. 

16. Pourth cusp about one-third size of normal cusp and situated between two 
posterior cusps. 

17. 'Male, thirty-two years old. No cardiac symptoms or signs during last illness. 
Death from acute nephritis complicated by pleuritis and compression of the lung. 
Three cusps of equal size; fourth, one-half width of others, situated between anterior 
and posterior cusps. Two adjacent cusps fenestrated. Rudimentary fourth cusp 
filled in defects of other two cusps. Pourth cusp shorter than others and lay on a 
lower level. Margin held in place by two long thin fibrous strands stretching from 
near its center to angles of attachment of two adjacent cusps. 

18. a. Male, four years old, who died of postdiphtheritic myocarditis and sero- 
fibrinous pleurisy of left lung. Each cusp about 9 to 10 mm. across and S to 9 mm. 
high. In all respects normal. Small fenestration on each cusp. 

b. Pemale, seventy-eight years old, who died of bilateral bronchopneumonia with 
left fibrinous pleurisy. Left anterior cusp IS mm. wide and IS mm. deep; right ante- 
rior 20 by 16 ; right posterior 14 by 12 ; left posterior 14 by 12. Two posterior cusps 
fenestrated at angle of insertion. 

c. Pemale, twenty-seven years old, who died of miliary tuberculosis. Hypoplastic 
heart and aorta. Three cusps of equal size and larger than fourth as follows: 15 
mm. wide and 13 mm. deep; 16 by 12; 15 by 12; 6 by 5. Cusps of uniform thick- 
ness throughout, there being no thinning along lunula and no corpora Arantii. 
Pourth cusp fenestrated. 

d. Male, nine years old. Paucial diphtheria. Bilateral bronchopneumonia. Three 
cusps of approximately equal size : one 14 mm. wide and 12 mm. deep, second 
15 by 12, third 14 by 11. Pourth smaller, S by 7 mm. and on a lower plane than 
the others. 

e. Male, forty-eight years old. Adherent pericardium, enlarged heart, particularly 
left ventricle and left auricle. Aortic stenosis and insufficiency. Dilated right 
ventricle. Pulmonary edema, chronic passive congestion of splanclmic viscera. Ante- 
rior cusps larger and equal: left anterior IS by 14 mm., right anterior 19 by 14; 
posterior cusps smaller and almost equal: right 14 by 14, left 15 by 13. Left 
anterior fenestrated. 

19. Male, forty-eight years old. Normal heart rhythm. No murmurs. Died of 
uremia. Small sclerotic kidneys. Emphysema and chronic bronchitis. Left ventricle 
hypertrophied. Aortic valve sclerotic and thickened. An anterior, a posterior cusp, a 
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right and left lateral. Posterior 25 mm. wide and 10 mm. deep, anterior 21 by 11 
and had a corpus Arantii, left 25 by 19. Posterior valvule like Pernard’s case. 
Pulmonary orifice 97 mm. in circumferencd; 

20. a. Adult. Diffuse atheroma at beginning of aorta and mitral and aortic 
valves. Patent foramen ovale but ivith a sufficient valve. Three cusps larger, 18, 
20, 22 mm. tvide and 13 to 15 mm. deep; fourth, between posterior and right, 8 mm. 
wide and 10 mm. deep. 

b. Adult. In right auricle at site of foramen ovale, an invagination 5 mm. deep 
but not communicating with left auricle. Three cusps IS to 20 mm. wide and 13 to 
17 mm. deep. Supernumerary cusp between posterior and left; 10 mri. wide and 12 
mm. deep. 

c. Adult. Supernumerary cusp between posterior and right cusps, 12 mm. wide. 
Other three, 20 to 23 mm. wide and 15 mm. deep. 

d. Adult. Width of cusps, 13, 17, IS, and 25 mm., respectively. All 15 mm. deep. 
Supemumeraiy' cusp between right and left. 

21. a. Male, sixty years old. Tuberculosis of osseous system. Fourth cusp be- 
tween left and anterior cusp, small. 

b. Male, fourteen j’ears old. Fourth cusp between right and left cusps, small. 

c. Male, sixty-two years. Two cusps a bit larger than the other two which were 
somewhat gromi together. 

d. Small cusp between right and left cusps. 

e. (INo data on other five cases.) 

22. a. Male, one year old. Atelectasis of lungs, intestinal catarrh, and rickets. 
Fourth cusp smaller. Communicated with neighboring cusps. Dilatation of pul- 
monary artery and right ventricle. 

b. Male, fifty-two years old. Chronic pneumonia, miliary tuberculosis and ver- 
tebral caries. Fourth cusp verj- small and fenestrated. 

23. Male, old. Extra cusp 1 mm. less in height than other three but otherwiso 
just like them. 

24. ' Male, thirty-one years old. Died from hemorrhagic apoplexy. Slight atheroma 
of aortic arch. Fourth cusp somewhat smaller than its fellows and communicated 
with one of them at its insertion by an aperture large enough to admit a crow quilL 
No corpus Arantii. 

25. No heart disease. Supernumerary' cusp much smaller than others but pre- 
sented same configuration. 

26. Male, fifty- y-ears old. Died from phthisis. Heart normal. Each of cusps 
well formed and possessing corpus Arantii. Three equal sized, fourth scarcely half 
breadth of others. 

27. Male, who died of typhus fever. Incompetency of tricu.‘;pid valve diagnosed 
during life. Three cusps about same size, fourth considerably- smaller than others 
and with an inconspicuous corpus Ar.antii. All four cusps fenestrated. Fenestra- 
tions larger in small cusp. 

28. Large heart. Right ventricle somewhat dilated. Patent foramen ovale (2 cm. 
diameter). Rudimentary supernumerary aortic cusp. Diameter pulmonary artery 
9.3 cm. Width of anterior .and left posterior cusp, each 3 cm. Eight posterior, 
2.5 cm. wide and 1.5 cm. deep. 

29. Patient died of fy-phoid fever. During life there was heard a murmur which 
replaced the first sound and lasted until almost the beginning of the second. Four 
valvules m pulmonary artery, of normal shape. 

30. See Reference Number 4, 

31. Well marked presystolic murmur. Case with four pulmonary cusps similar 
to Coleman ’s.ie 

32. Two cases with four pulmonary cii.sps. 
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33. Manuscript not available. (Reference not elieclied.) 

34. Female, old. Circumference of pulmonary artery 3% indies. Three of cusps 
measured 1 inch vride, fourtli inch. Supplementary cusp resembled others except 
in size. Corpus Arantii present. Fourth cusp reticulated. 

35. a. Male, nineteen years old, who died of cancer and tuberculosis of the lung. 
Two valvules of equal and normal size and appearance and one large valvule, at- 
tached border of which was imperfectly doubly crescentic. A little to one side of 
center of free border of cusp was a single very large corpus Arantii. Prom this 
body a septum proceeded dividing the cusp in two compartments. 

b. Heart identical anatomically with above. 

c. Three valvules of nearly equal size. Between two of these, a fourth smaller 
cusp Avith its own corpus Arantii. 

36. All three patients died of disease not related to the anomaly. 

. a. Three larger cusps and one smaller. Supernumerary cusp between anterior 
and right lateral cusps was half the width and half the depth of other three cusps. 
No nodule of Morgagni. Tendinous cords from lateral margins of cusp to arterial 
wall. All cusps but one fenestrated. 

b. Supernumerary cusp half height and width of other three. Situated between 
anterior and left lateral cusps. No nodule of Morgagni. Intravalvular pocket at 
its base. All cusps communicated with one another. Fibrinous cords at commissures. 
Fenestration of cusps at commissures. 

c. Two normal-sized cusps and two half their depth and width. Two smaller 
cusps equal in size. They replaced right lateral cusp. Many fenestrations. Com- 
munication between smaller cusps below and larger ones above, 

37. In six cases, the right septal cusp was subdivided, the left also in six, so 
that in each of twelve cases there were four cusps. 

38. Female, sixty years old, who died of ruptured aneurysm of iliac artery. 
Always sickly. Systolic apical murmur. Accentuated second pulmonic second sound. 
Thyroid enlarged. Heart enlarged, especially right auricle. Thickening of mitral 
valve, no narrowing. Stiffening of aortic valve but no insufficiency. Dilatation of 
pulmonary conus. Small fourth cusp between right and left cusps, its free border 
being at level of lower surface of neighboring cusps. Two bands of tissue ran from 
middle of its free border to sinus border. 

39. I'emale, thirty-four years old. Suffered from palpitation of the heart, pain 
in the chest and difficulty in breathing. Cyanosis, intense dyspnea, ascites, edema of 
lower extremities. Systolic and diastolic murmurs over pulmonary area. Heart 
enlarged. Bight auricle dilated. Patent foramen ovale. Bight ventricle enomiously 
dilated, trabeculae hypertrophic. General anasarca. Pleural effusion. Purulent 
bronchitis. Congestion of liver, spleen, and kidneys. Conus arteriosus very wide, 
likewise pulmonarj^ artery. Bight and left posterior, and right and left anterior 
cusps. Left posterior cusp very small, free border about 4 “linien”* wide. Other 
cusps each 6 to 8 “linien” wide. 

iO. Male, fifteen years old. Signs of mitral and aortic insufficiency and of pul- 
monary tuberculosis. Acute pericarditis, mitral and aortic insufficiency. Pulmonary 
tuberculosis. Two cusps larger, two smaller. 

41, Male, six years old. Systolic thrill over precordium. Systolic murmur along 
left border of sternum heard best between third and fourth ribs. Second pulmonic 
sound greatly accentuated. Slight dilatation and hjqiertrophj’ of heart. Aneurysm 
and endocarditis of aortic valve. Patent interventricular septum and foramen ovale. 
Broncliopneumonia. Three cusps each 1.5 cm, wide, fourth 3 mm. wide. 

42. One cusp much smaller than the other three. 


*One "Linie” = 2.195 mm. 
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43. Male, sixty-one years old. Palpitation and dyspnea on effort. Pulse rate 27, 
bigeminal. Systolic basal murmur in pulmonary area. Emphysema. Cyanotic. 
Heart weight 520 gm. Wall of left ventricle hypertrophied. Aortic valve slightly 
indurated but otherwise normal. Eight auricle and ventricle thin and diminished 
in size. One cusp, left and a little anterior, 1.9 cm. wide and 1.7 deep, with corpus 
Arantii. Second, anlterior and a little to right, 1.4 by 1.6 cm., shrivelled and 
plaited, with no nodule. Third, posterior and right, 2 by 1.8 cm. Fourth, posterior 
and left, 2.5 by 2.1 cm., wtli vestige of corpus Arantii. 

44. a. History not obtained. Pulmonary artery quite wide. Four well-built cusps. 
Anterior and right cusp each 2 cm. -wide, other two 1.5 cm. across. All had 
corpora Arantii. Upon right cusp, a sinewy thickening, 2 to 3 ram. wide, parallel 
to upper border. Similar thickening below nodule of left cusp. This cusp had a 
small fenestra. Fourth cusp free of defects but had marked fibrous tiiickening along 
tree border. 

b. History not obtained. Heart atrophied. Muscle fatty. Wall of right ventricle 
thin. Patency of intra-auricular septum. Three cusps normally built, fourth rudi- 
mentary, be'tween posterior cusps. Three larger each 20 mm. wide, smaller 8 nun. 
Large cusps 17 to 20 mm. deep, small one G mm. Free border of latter ran upward 
and to right in a thin fibrous cord leaving a space about the size of a millet seed 
between itself and the cusp. 

45. a. Female, sixteen years old, who died of chronic nephritis. Two cusps of 
equal size and normal. Between these two were two others, a little larger, of equal 
size, possessing rudimentary corpora Arantii. 

b. Halo, forty-four years old, who died of pulmonary tuberculosis. One cusp 22 
mm. wide by 18 mm. deep, well formed and with corpus Arantii. Second, 25 by 21 
mm., without corpus Arantii. Between two preceding cusps, two others fused to- 
gether, larger of which was 24 by 19 mm., smaller 14 by 13 mm. Along free 
margin was a fibrous cord attached obliquely to arterial wall and which inserted 
above smaller cusp. Another rudimentaiy lower cord. Smaller cusp fenestrated. 

46. All cases past puberty. No subjective symptoms or signs related to the 
anomalies in any case. 

Case V. Heart enlarged. Eight auricle larger than normal. Eight ventricle 
much larger than left. Heart infiltrated with fat subpericardially. Two larger 
cusps, anterior, two smaller, posterior. All cusps had nodule of Morgagni. 

Case VI. Eight ventricle thin. First cusp, 15 mm. wide by 10 deep. Second, 
20 by 14 mm., free border curved, convexity upward. Third, 13 by 9 mm. Fourth, 
supernumerary^ cusp, placed in angle formed by insertion of two adjacent cusps. 
Valvule not attached directlj' to arterial wall but to adjoining valvules. Four very 
fine bands of tissue running from free border, inserting in space between points of 
insertion of free borders of adjacent cusps. Length of free border of supernumerary 
cusp 4 mm., height 3 mm. All cusps lacked nodule of Morgagni. 

Case VII. Heart larger than normal, left side more than right. Slight thicken- 
ing of niEral valve. Three cusps of equal size and normal. Fourth not iis deep as 
others nor as high. Two bands running from fourth cusp to arterial wall. Height 
of fourtli cusp 8 mm., width 10 mm., others 16 by 28 mni. 

47. In his (MeckePs) father's collection were four cases of hearts with four 
pulmonary cusps. First case showed a single large cusp and other three equal but 
much smaller. Second and tliird cases, one very largo eusp, two a little .«!maller, 
tlie fourth mucli smaller than usual. Fourth case showed three cusps of equal size 
and normal; fourth cusp was very small; scattered small fenestrae in all cusps, and 
none had nodule of Morgagni. 

48. Five cases noted, including the four cases given tus under No. 17. One, three 
cusps lacked a little of tlie u.sual size, but the fourth was very small (discovered by 
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Meckel, senior). Two, two cusps a bit smaller but equal, third of normal size, 
fourth smallest (discovered by Meckel, senior). Three and four, the son had two 
more cases almost exactly like second case. Five, no two cusps equal, but sizes de- 
creased in order. 

49. a. Female, eighty-five years old. Four cusps of equal size. Extra cusp be- 
tween right and left. Left and supernumerary cusps joined together at commissure. 
Eiglit cusp projected 3 inm. above level of other cusps. Corpora Arantii all well 
developed. Patent interventricular septum. 

b. Male, eighty-tliree years old. Extra cusp between right and left, smaller than 
its neighbors. Free border 8 mm. All four cusps fenestrated. Patent interven- 
tricular septum. 

50. Three cases seen. In one, all cusps were of approximately equal size. 

5L Female, thirty-nine years old, who died of intestinal obstruction due to 
strangulated femoral hernia. No disorder related to the circulation. Peritonitis. 
One cusp larger than others, anterior and to left of others. 

52. No features of special interest among symptoms and signs. Cusps well 
formed, measuring 2, l.S, l.S, and 1.4 cm. respectively, along free border. Largest 
one a little thickened. All fenestrated. 

53. a. No clinical manifestations. Supernumerary cusp S mm. wide and S mm. 
deep. JNo corpus Arantii. "Anchored to wall of artery by small narro^v tag. Lateral 
attachments to adjacent cusps, not artery. Two or three fenestrations of large 
cusps communicated directly with fenestrations of small cusp. Three larger cusps 
of equal size and normal. 

b. Small supernumerary cusp 7 mm. wide and 8 mm. deep. Lateral edges united 
to contiguous cusps. Sinus distinct and did not communicate with adjacent sinuses. 
Adjacent cusps smaller than tliird. 

54. Eight cases. 

55. Male, forty-six years old, who died of chronic phthisis, with genitourinary 
complications. Heart somewhat increased in size and weight (9 ounces and 14 
drams). Cavities of large size and walls moderately thickened. Two smaller cusps 
formed by division of one larger cusp. 

56. First cusp to right, second and third toAVard center posterior, fourth left. 
Third cusp much smaller than others, finer in structure and reticulated. Each cusp 
had corpus Arantii placed in center. 

57. Double ascending aorta. Three cusps larger, fourth very small. 

58. a. Four cusps, 10, 20, 21.5, and 20 mm. in nddth. 

b. Four cusps, 17, 9, 20, and 15 mm. in Avidth. 

c. Hypertrophy of left ventricle. Aortic insufficiency and stenosis. Four cusps, 
23, 14, 13, and 18 mm. in width. 

d. Much calcification of aorta. Hypertrophy of left ventricle. Four cusps, 17, 
25, 15, and 6 mm. in width. 

e. Author mentioned two more cases but gave no data. 

59. Female, thirty-one years old. On elcA^enth day after cholecystectomy, sudden 
distress dcA’cloped Avith marked dyspnea, cyanosis, and rapid pulse. ScA-ere right 
heart dilatation Avith bulging of auricle and venae cavae. Weight 290 gm. Myo- 
cardium flabby, AA’ith slight fatty infiltration particularly in right ventricle. Slight 
thickening of mitral and aortic valve leaflets. Fourth cusp small and appeared to 
be derived from anlage of left posterior cusp. Small cusp fenestrated and had no 
corpus Arantii. 

60. Male, seventeen years old. Four AAcll-shaped leaflets, 13, 17, 14, and 16 mm. 
in Avidth. Two middle leaflets at line of junction joined to arterial Avail by Avedge- 
shaped bridge of fibrous tissue which acted as a partition and divided the Avliole 
cusp in two. Partition perforated near top. Only first, second, and fourth cusps 
had corpus Arantii, third had only small condensation near middle. 
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61. Case VII. Female, old. No symptoms. Died of enteroperitonitis. Three 
of cusps each 15 mm. wide, fourth IS mm. 

Case VIII. Male, fifty-five years old. Abscess of leg. Empyema. Two of 
cusps 15 mm. wide, third. 13 mm., fourth 8 mm. In each of the two larger ones, 
rather flian. a corpus Arantii was an enlargement of median part of free border. 
Other two cusps, no trace of corpus Arantii. 

Case IX. Male, fifty years old. Heart larger than normal through marked 
hypertrophy of left ventricle and auricle. Thickening of endocardium of mitral 
valve by a mild chronic endocarditis. Aortic valve, insufiicient and stenosed. One 
cusp 19 mm. wide and 10 high, second 13 by 10 mm., third 14 by 14 mm., fourth 
16 by 15 mm. 

62. Ousps intact. Supernumerary cusp one-half size of others. 

63. Male, fifty-seven years old. No clinical history. Sudden death. Left ven- 
tricle hypertropliied. Mitral and aortic valves moderatelj' thickened. Coronary 
arteries sclerotic. Aorta atheromatous. Two cusps were each 2 cm. wide, the two 
others together measured 2 cm. No corpus Arantii on smaller which was 8 mm. 
wide by 6 mm. deep, and fenestrated near free margin. Larger of two 14 mm. Avidc 
by 10 mm. deep, had no corpus Arantii either. Two larger cusps had corpus 
Arantii. 

64. a. Female, forty-four years old, clinical signs of mitral stenosis. Necropsy 
revealed mitral stenosis. Four equal sized cusps. 

b. Female, fifty-four years old. Pulmonarj- tuberculosis. Four equal sized cusps. 

c. Male, forty-eight years old. Tuberculosis of elbow. Four equal sized cusps. 

d. Male, forty-six years old. Senile brain atrophy. One of cusps of small size. 

65. a. Female, sixty-four years old. Extra leaflet between posterior and left leaf- 
lets, 1 cm. wide, other cusps of normal size. 

b. Male, seventy-six years old. Cusps arranged as anterior, posterior, internal, 
and external. Of about equal size. 

66. a. Cusps of equal size but little smaller than usual. 

b. Two larger, one middle-sized, and one small cusp. 

67. a. ^lale, sixtj'-five years old. klarked In-pertrophy of both ventricles of 
heart. Pulmonary emphysema, arteriosclerosis, old cerebral apoplexy, cirrhosis of 
liver. Between anterior and left cusp, a rudimentary weiik fourth cusp. 

b. Female, thirty-seven years old. Hypertrophy of heart. Tuberculosis, cirrhosis 
of kidneys. Three cusps of equal size, fourth somewhat smaller, between anterior 
and right cusps. 

c. Male, fifty-one years old. Four equal sized, delicate cusps. Tliree fenestrated. 

68. Male, thirty-eight years. Ascending stairs caused palpitation of heart. Two 
years before death had “black fever’' and from this time became drowsy and livid. 
Distended jugular veins. Eapid, feeble pulse. Weak heart impulse. First sound 
shorter and more flapj)ing, second less distinct than normal. No murmurs. Anasarca. 
Erysipelas and gangrene of leg. Pericardial, pleural and peritoneal ctTusion. Heart 
enlarged. Right ventricle divided in two portions by an imi)erfect septum. Right 
auricle twice as thick as left. Columnae camac of left ventricle small compared 
with right. Cusps of equal size. Each furnished with a corpus sesamoideum. Each 
cusp 0.9 inch in width. Circumference of pulmonary arteiy 1 inch greater than that 
of aorta. Dilated pulmonary' conus. 

69. Small supernumerary cu.sp between anterior and right cu.sp. Fenestrated. 

70. Female, thirty-two years old, who died of carcinoma of breast. Marked dilata- 
tion of right ventricle. Left cusp replaced by two small separate cusps. Two larger 
cusjis thickened along free margin. 



KlSSIiS’’ : PULMONARY INSUFFICIENCY 


225 


71. Female, five months old. Child brought to hospital with sickness and diarrhea. 
N^o cyanosis. Loud diffused systolic murmur. Kecent endocarditis tricuspid valve. 
Foramen ovale two-thirds closed. Right ventricle dilated and hypertrophied. Bi- 
cuspid aortic valve. Patent interventricular septum. Patent ductus Botalli. Cusps 
thickened and having many small granulations. Pulmonary artery expanded up to 
bifurcation. 

72. Stale, fifty-six years old. Enlargement of heart, mostly left side. Marked 
hyperirophy of right side. Mitral valve a little thickened. Chronic endaortitis 
from arch to bifurcation, but no dilatation. Aneurysm of splenic artery. Dilata- 
tion of pulmonary conus and artery. Lowering of left posterior cusp caused in- 
conipetency of valve. Thickening of other cusps. A fourth cusp, small, recognized 
by a special small sinus of Valsalva. 

73. f'emale adult. Died in sixth month of pregnancy following cardiopulmonary 
complications. Heart larger than normal. Eight auricle much larger than left. 
Right ventricle dilated. Buttonhole mitral stenosis. Cusps well developed and 
closed well. Most intei-nal cusp, near septum, largest in size, 22 mm. nide and 16 
nmi. deep. Proceeding to riglit, next cusp 19 by 12 mm. Third, 14 by 10 mm.; 
fourth, 17 by 13 nmi. Last two fenestrated. Orifice of pulmonary artery at margin 
of insertion of cusps, 100 mm. 

74. I'^male, forty-two years old. Articular rheumatism at age of twenty-seven 
years. Auricles and ventricles normal. Cusps of different sizes, all in excellent 
condition. Cusp most to left largest — 34 mm. wide by IS mm. high. Proceeding 
right on posterior wall of artery, second cusp 21 mm. by 15, third IS by 7 mm., 
fourth 23 by IG mm. Cusps fenestrated. Hodule of Morgagni in each perfectly 
developed'. 

75. a. Male, aged fifty-eight years, who died of pneumonia. Adherent pericar- 
dium. Large flabby heart. Fourth cusp very small, between anterior and left cusp, 
S mm. wfde and 7 deep. Other cusps each 20 mm. wide and 15 mm. deep. 

b. Female, aged sixty-four years, who died of uterine carcinoma. Four cusps 
situated like above mentioned case. 

76. a. Male, eighteen years old. Chronic rheumatic endocarditis of mitral valve. 
Subacute bacterial endocarditis. Four cusps. 

b. Female, aged forty -three years. Lobar pneumonia. Chronic pulmonary tuber- 
culosis. Hypoplasia of left auricle and ventricle. Dilatation of right auricle and 
ventricle. Four cusps. Fibrous thickening at margin of indmouary valve. Dilata- 
tion of pulmonary artery (10 cm. in circumference). 

c. Male, fifty-four years old. Peritonitis following appendectomy. Slight hyper- 
trophy of 'left ventricle. Small extra cusp between two anterior cusps. 

d. Female, ten years old. Carcinoma of jaw. Slight hypertrophy left ventricle. 
Small additional cusp between left anterior and posterior cusps. Pulmonary stenosis. 
Thickening and fusion of all cusps of pulmonary valve. 

77. Female, middle-aged. Heart hypertrophied, especially right side. Three 
cusps of normal size. Fourth like others in contour and formation, but smaller, being 
both narrower and less deep. Leaflets thinned at lunula and fenestrated. 

78. Male, fifty-five years old. No physical signs of pxilmonaiy valvular disease. 
Granular and fatty degeneration of kidneys. Anasarca. Heart weighed 23^/j ounces. 
Both ventricles dilated, right greatly. Wall of left considerably, that of right 
slightly thickened. Aortic cusps thickened and calcified. Three cusps normal in 
appearance and equal. Fourth between posterior and right lateral segments, some- 
what less than one-half width of others but of nearly same depth. Elongated slit- 
like fenestrations near edge. Sinus of fourth cusp communiented with that of 
j)osterior cusp. 

79. One cusp much smaller than the others. 
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THE IMPOETAXCE OP BIGHT AXIS DEVIATIOX IN THE 
DIAGNOSIS OP PULMONARY STENOSIS'^- 

William C. Cooke, ]\LD. 

Sam Diego, Calif. 

'"piIE greatest degree of right axis deviation in the electroeardio- 
■t gram is seen in eases of congenital pulmonary stenosis. This fact 
lias been recognized since the pioneer ivork of Eiiithoven. A corollary 
of this, that in the absence of right axis deviation a diagnosis of con- 
genital pulmonary stenosis should be questioned, urns confirmed by 
the autopsy findings of a ease seen in consultation at the San Diego 
County General Hospital. 

CASE REPORT 

The patient, a boy twelve years oW, hatl always been well e.vcept for scarlet 
fever at eight and diphtheria at nine years of age. When he was eight years old, 
before the attacks of scarlet fever and diphtheria, his parents liad been told that 
he had “heart trouble,” but no further information as to the nature of the cardiac 
lesion could be obtained. He had not had rheumatic fever. There had been no 
symptoms of cyanosis or of dyspnea. 

The onset of the present illness, nineteen days l)efore admission to the hospital, 
had been sudden and was characterized by general malaise, headaclie, nausea, vom- 
iting, and fever. These symptoms had persisted and for the last week he had 
suffered also from dyspnea and palpitation of increasing severity. 

Upon admission to the hospital the patient presented the picture of an acute 
fulminating bacterial endocarditis. The temperature was 104.0° F. ; the pulse 
rate, 140; and the respiratory rate, 04. Cutaneous and conjunctival petecliiae wore 
present. Besonance was diminished over the bases of both lungs, and jnany coar.se 
rales were heard over both lower lobes; roentgen ray examination revealed multiple 
areas of mottled infiltration throughout both lungs and passive congestion of the 
lower lobes. The left border of cardiac duilncss extended 9 cm. from the inidJine. 
A palpable systolic thrill was present over the second interspace just to the loft 
of the sternum, and a loud systolic murmur was heard over the entire prccordium, 
of maximum intensity over the same are:i. The pulmonic second sound was present, 
however, and even somewliat accentuated. A teleroentgenogram .showed the right 
border of the heart extending 5 cm. from tlie midline, and the left border, 8.S cm. 
The internal diameter of the chest was 24 cm. The electrocardiogram showed a 
regular sinus rlnThm %vith n rate of 140; tlie P-K interval. 0.15 sec,; the QBS 
interval, 0,05 sec.; and no abnormal axis deviation or other abnormalities (Fig. 3). 
The abdomen was slightly distended. There was no enlargement of the liver or 
spleen. The blood count revealed a moderate grade of anemia and marked 
leucoej-tosis (erythrocytes R, 790,000; hemoglobin, GS per cent fXcwcoiner]; leuco- 
cytes, 27,000, of which 89 per cent wore nentrophilcs and 11 per cent lymphocytes). 
Blood culture yielded a growth of stapliylococci. 


•From t))e Ree-s-Stc-alj- Clinic. 
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Figr. 2. Fig. 3. 

Fig 2. — The chamber of the right ventricle showing the cauliflower-like mass of 
vegetations arising from the margins of a defect in the membranous interventricular 
septum and extending into and almost filling the pulmonary infundibulum and 
■pulmonary valve orifice. The pulmonary valve is normal. 

'•Fig 3. — The chamber of the left ventricle showing a congenital defect (A) in the 
membranous Interventricular septum. The abnormal opening is almost filled with 
vegetations of acute bacterial endocarditis. The aortic valve is normal. 
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Tlie patient’s condition grew progressively worse, and lie died on tlie fourtli 
day after admission to the hospital. 

The essentia] findings at autopsy were the petechiae of the skin and beneath the 
capsules of the kidneys, multiple small septic infarcts of both lungs, and the cardiac 
findings. The heart weighed 210 gm. There was moderate hypertrophy of the left 
ventricle and slight hypertrophy of the right. A caulifiower-like mass of vegeta- 
tions was found almost to occlude the pulmonary valve orifice, but with no attach- 
ment to the valve or to the pulmonary infundibulum (Figs. 2 and 3). The vegeta- 
tions arose from the margins of a defect in the membranous interventricular septum, 
practically filled the opening, and extended into the left ventricle for about 2 mm. 
All of the valves were normal, and there was no other endocardial involvement. 

DTSCDSSION 

A clinical diagnosis of congenital pulmonaivv .stenosis complicated 
bt^ acute bacterial endoearditi.s bad been made in this case. The pres- 
ence of an abnormal communication between tbe right and left sides 
of tbe heart was suspected because of embolic phenomena of both the 
systemic and pulmonary circulations, but tbe chief reason for doubt- 
ing the correctness of this diagnosis was the normal electrical axis of 
the electrocardiogram. It was felt that a diagnosis of congenital pul- 
monary stenosis was incompatible Avith tbe absence of right axis 
deAuation in the electrocardiogram. This opinion Avas confirmed at 
autopsy AA’hen the cause of the systolic nnirmur and thrill OA*er the 
pulmonic area present during life Avas foinid to be not stenosis but 
almost complete occlusion of the pulmonary A'ah’e orifice by a mass 
of vegetations. These A’cgetations arose from bacterial endocarditis 
of a congenital interventricular septal defect. The predilection for a 
congeuital lesion as a site of iiiA'asion by bacterial infection, rather 
than noi'inal Amlves or endocardium, is sboAvn by the findings in this 
case. The pulmonary A'ah'e Avas not inA'oh’ed by the infection in spite 
of its proximity. A condition of functional stenosis of the pulmonary 
A'ah’^e which must liaA'c caused an appreciable degree of I’ight A'entricn- 
lar strain AA’as present during the terminal illness. HoAvevei’, insuffi- 
cient time had elapsed betAA'een the onset of the bacterial inA'asion and 
tbe fatal termination of the disease (tAventy-tbree days) to result in 
any remarkable bsTpertropliy of the right A’entx'icle. This explains 
the normal electrical axis slioAvn in the electrocai'diogram. 

SUMMABT 

A ease of acute bacterial endocai'ditis complicating a congenital 
defect in tbe interventricular septum is reported. The physical find- 
ings of pulmonary stenosis Avere explained at autopsy by a mass of 
A'cgetations Avhicli almost completely filled tbe pulmonai'y a’oIa'c orifice 
but Avhieh arose from the margins of the intei’A'cntricular septal defect. 
The inaccuracy of a diagnosis of congexiital pulmonary stenosis in the 
absehce of right axis deA'iation in tJie eiectrocai’diogram is illustrated 
by this case. 



TRAUMATIC EUPTURE OP A NORSIAL AORTIC VALVE* 

R. W, KissanEj M.D., R. A. Koons, M.D., and R. S. Pidder, M.D. 

Columbus, Ohio 

/\ REVIEW of the literature to the year 1928 by HowarcP revealed 
113 eases of ruptured aortic valve as the result of muscular ef- 
fort or trauma; the first case was reported in 1830 Plenderleath.- 
Of this entire group only forty-seven eases were due to trauma and of 
these there were only fourteen^'^® that were proved by autopsy. A 
search of the literature up to the present time failed to reveal auj^ 
additional cases of the proved traumatic group, therefore the one here 
reported makes a total of fifteen cases and is the third reported in 
America. 

CASE REPORT 

K. S., a single white male, aged twenty-two j^ears, with a negative family and 
past lustorj’’ was injured in an explosion during the construction of the Ohio State 
Office Building on April 14, 1932. He was completely buried by stone and debris 
wliich caused the following external injuides: a comminuted fracture of the left 
forearm, compound fracture of the left leg, fracture into the left antrum, laceration 
of the left hip, laceration of the right hand, contusion of the left eye and side of 
face, fracture of the sternum, and discoloration of the entire anterior and posterior 
thorax due to contusions. 

In an unconscious state he was admitted to the hospital where he received the 
necessary surgical attention, and on regaining consciousness he first complained 
of pain at the site of the compound fracture of the left leg, but within a few 
minutes he described a crushing sensation in his left chest associated with severe 
dyspnea. Five weeks following the injury he had an elevation of temperature for 
seven days, which was due to slight infection in his left leg. The recovery from 
his external injuries was good, and in December, 1932, he was discharged from 
the hospital, but all during this time he continued to have the crushing sensation 
in the left chest, moderate dyspnea which became severe on exertion, moderate 
palpitation on exertion, frequent attacks of s^uicope, severe dizziness, and anxiety 
with a fear of impending death. During these attacks of severe dizziness and 
syncope he would first become pale and then develop cyanosis of the lips and finger- 
nails. He had a low grade infection in the left antrum which had been fractured, 
but it responded very well to treatment. In June, 1933, he was again admitted 
to the hospital because of signs of heart failure, and a pain in the right kidney 
region. Two days later, on June 16, 1933, death due to heart failure occurred. 

■ This patient was known personally for ten years prior to his injury and had fre- 
quently been examined, the last time on Dec. 2, 1930, when he was found normal 
in every respect, with a normal, regular heart and a blood pressure of 120 mm. 
systolic and 76 mm. diastolic. 

' Cardiologic examination two daj-s before .death revealed engorgement of the neck 
veins, marked swinging of the carotid arteries, and a marked pulsation in the supra- 
sternal notch. The apex beat was not palpable, and the cardiac dullness in the 
fifth interspace was 10 cm. to the left of the midsternal line, and in the fourth 

‘From the Cardiological Departments of White Cross and Children’s Hospitals 
and the Medical College of Ohio State Uni\'ersity. Columbus, Ohio. 
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interspace o cm. to tlie right of the midsternal line. Tliere was a loud rough 
diastolic murmur heard at the base of the heart and along the left border of tlio 
sternum, with the maximum intensity at the aortic area. There was also slight 
roughness of the first sound at the apex. The rhythm of the heart was regular, 
and the rate was 96. The pulse was of the Corrigan type, and tlie blood pressure 
was systolic 110 mm., diastolic 20 mm. The liver edge was at the costal margin 
and not tender. There were many moist rales in the bases of both lungs. The 
urine contained a large amount of albumin, no sugar, but many red blood cells 
and pus cells, and the blood count showed 80 per cent hemoglobin, R.B.C., 4,320,000, 
W.B.C., 15,200. Orthodiagram showed the transverse diameter of the heart to be 
15.0 cm. The Wassermann reaction was negative. The diagnosis was traumatic 
heart disease, ruptured aortic valve, aortic insufficiency, myocardial insufficiency, 
and heart failure with, as an associated condition, possible embolism into the riglit 
kidney. 



Pig-. 1. — Ruptured and fragmented cusps of the aortic valve. 

Avtopsy . — The body was that of a well-developed and fairly well-nourished 
white man, measuring 67% inches in length and estimated to weigh about 160 
pounds. 

After dissection of the superficial tissues from the anterior chest wall and in- 
cision through the costochondral junctions of the ribs, the sternum was elevated. 
In elevating the sternum preparatoiy- to its removal for the examination of the 
thoracic viscera, it was found to be separated at the synchondrosis sfernalis be 
tween the manubrium and the bod^' of the sternum in such a manner that it could 
be easily hinged outward, because there was no o.sseous union as is usually found 
in a man of this age. The periosteal fibers supporting this sj-nchondrosis were 
relaxed so that the body of the sternum could be easily displaced backward into 
the mediastinum to the extent that it would override the lower margin of the 
manubrium stemi. No fracture.s of the ribs or clavicles were demonstrated. 

The cardiac area was normal in size and the perieardial sac contained the usual 
amount of clear fluid. The visceral and parietal pericardium was smooth and 
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glistening. AYlien the heart was removed and opened, the myocardium of the left 
ventricle was of the usual tliickness and of good consistency. The mitral valve was 
normal. The various cusps of the aortic valve were partially covered with precip- 
itated blood and were ragged (Fig. 1). A careful examination of the various 
cusps of this valve revealed a transverse slit just below the margin of the left 
posterior cusp. The right posterior cusp was irregularly torn, fragmented and 
infiltrated with blood, and the anterior cusp was also extensively torn. There was 
no gross evidence of inflammatory reaction, the process present was that of an 
unhealed rupture and fragmentation of the valve cusps. The valve Avas entirely 
incompetent. At the base of the anterior cusp the adjacent myocardium and sub- 
pericardial adipose tissue Avas discolored a dark reddish brown Avliich discoloration 
was apparently due to an old hemorrhagic infiltration. The coronary orifices were 
patent, and a dissection of the coronary arteries showed no pathological changes. 
The aorta was smooth and normal throughout the entire length. The myocardimn 
of the right ventricle and also the pulmonary and tricuspid valves were normal. 

Both lungs were free from adhesions, and there was a small amount of pleural 
fluid. Eemoval and cut section revealed the left lung to contain a moderate amount 
of edematous fluid and diffuse congestion. This process was most marked in the 
lower lobe. The right lung was similar througliout but the process of congestion 
was less marked than in the left lung. There was no evidence of pneumonic con- 
solidation, embolism or infarction. The mediastinum was normal, and there Avas 
no enlargement of the Ijmipli glands. 

The various viscera of the abdominal cavity Avere normal except the right kidney 
wliicli shoAvcd a large area of infarction. 

Microscopic Sections. — The microscopic sections that Avere taken through the 
ruptured cusps of tlie aortic A-ah-e shOAA-ed a quite tliin central fibrous structure 
and on both surfaces of the valve a precipitate of hemorrhagic material. Immedi- 
ately adjacent to the fibrous tissue of the vah-e was a thin layer of plasma ceUs 
and a small amount of fibrin, while e.xternal to this red blood cells were arranged 
in a granular material simulating the precipitation type of blood clot. There was 
no evidence of inflammation or of repair, and the only reaction Avas the layer of 
plasma cells. 

The sections taken through the myocardium and subpericardial tissue at the base 
of the aortic A’alA'e showed infiltration witli round cells and mononuclear’ cells, and 
throughout the entire section tliere was an extensh’e deposition of blood pigment. 

The sections taken through the other portions of the myocardium were normal. 

The sections taken through both lungs revealed the alveolar spaces filled AA-ith 
edematous fluid, in which there were a few blood cells. There Avas a moderate 
desquamation of the alveolar epithelium in the sections from the lower lobe of the 
left lung. Many of the alveoli contained heart failure cells. 

The sections of the spleen and liver Avere normal. 

The sections of the right kidney that Avere taken through the area of infarction 
shoAved a complete destruction of the kidney tissue in this area and replacement 
AA’ith a hj-alinized homogenous material. 

Diagnosis : Eupture of the aortic valA'e, hemorrliagic infiltration about the base 
of the aortic A’alve, separation and dislocation of the sternal sjmchondi osis, bilateial 
congestion and edema of the lungs, multiple scars over the exti eniities, and de- 
formity of the left arm and left leg. 

DISCUSSION 

Trauinstic rupture of tlie aortic valve cusps lias occurred, most fie- 
queiitlj’’ after muscular effort or strain, but a few cases of wliicb four- 
teen have been proved by autopsy, have occurred follotving injury 
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such as falling from a height or a blow to the chest. Barie and 
Potain® produced rupture of the aortic valve by striking with a ham- 
mer a board fixed over the preeordium of a cadaver. Dufour^^ and 
Kuelbs^^ were both able to produce rupture of the aortic %'alve by 
blows struck to the left chest of the dog. In tlie ease presented, the 
rupture to the cusps of tlie aortic valve was caused by the ci’ushing 
injuries to the thorax incidental to burial under stone and debris. It 
is mnusual that all the cusps of the valve were ruptured and that, 
while two cusps were fragmented, one contained a transverse per- 
foration. Rupture to the aortic valve occurs most frequently in 
diseased valves, but in this ease a normal valve was injured. The 
immediate pain in the left chest associated with dyspnea is the most 
frequent and characteristic s.vmptom of traumatic heart disease. The 
attacks of syncope and the classical signs of aortic insufficiency aid 
in the diagnosis of traumatic rupture of the aortic valve during life, 
especially if the heart has been examined and known to be normal 
before the accident. These facts should be kept in mind because it 
is e\ddent that traumatic heart disease is frequently overlooked and 
that a surprising number of pli3’’sieiaus are of the opinion that injury 
to the normal heart is almost impossible. 

SUMMARY 

A case of rupture of the cusps of a normal aortic valve is reported. 
The most frequent and characteristic symptom of traumatic heart 
disease seems to be pain in the left chest associated with dyspnea. 
The possibility of diagnosis of traumatic rupture of the aortic valve 
during life depends greatlj' upon whether the heart had been exam- 
ined and found normal before the accident. 
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SYMMETRICAL GANGRENE OP THE EXTREjMITIES 
ASSOCIATED WITH PURPURA 

Report of a Case in Which Ergotisi^i Was Suspected® 

Thojias J. Fatherree, M.D., and Edgar A. Hines, Jr. :\r.D. 

Rochester, Minn. 

OINCE Raynaud’s classic report, “Local Asphyxia and Symmetrical 
Gangrene of the Extremities,” in 1862, reports of cases of sym- 
metrical gangrene fre((uently have a])pcared under the misnomer of 

Raynaud’s disease.” Tlie unusual features found in a case of sym- 
metrical gangrene, which was seen at tlie clinic in the past year, would 
seem to merit a report of this case. 

report of case 

A man, aged forty-four years, a Norwegian farmer who lived in Montana, came 
to the elinic on June 17, 1935, complaining of loss of eyesight, and gangrene of the 
hands and legs. For two weeks prior to the onset of the acute phase of his present 
illness, he. had not been feeling well, although he had not had any specific symifioms. 
On March 30, 1935, he had a jnild sore throat. The next day he became acutely 
ill with chilly sensations, nausea, vomiting, diarrhea with tarry stools, and severe 
burning pain, which involved the entire body but was most severe in the extremities. 
The left hand was blue and cold. The.se symptoms persisted until the next day 
when he was seen by his family physician.! At that time his temperature was 102.2° 
F., the xnilse rate, 124; and the respiratory rate, 38. Scattered over his entire body, 
but particularly over the extremities, were many purpuric and ocehymotic spots. 
A few spots also were observed throughout the mucous membrane of the nose, mouth, 
pharjTix, and the conjunctivae. Tlie gums were spongy and bled very easily. The 
lips, tongue, and soft palate were badl}* swollen, and the latter bled from the slight- 
est trauma. Swelling and tenderness of the elbows, knees, and ankles were noted, 
but there was no redness. Passive movement of tliese joints produced pain, which 
was completely relieved by rest. The spleen was tender and large enough to bo 
palpated. The buniing pain disappeared within forty-eight hours, but paresthesia 
persisted for several weeks. Examination of the urine 7-evealcd considerable amounts 
of blood and albumin. The number of erythrocytes and leucocytes was normal, and 
the platelets numbered 150,000 per cubic millimeter of blood. The stools were 
tarry in appearance, and examination revealed the presence of blood. 

■ For the next few days after the onset, the patient was severely ill. On tlie 
second day of his illness, many of the purpuric spots on the extremities began to 
appear gangi-enous. On the fourth day he suddenly- became almost blind and was 
able to distinguish only the outline of objects. He then became somnolent, irra- 
tional, and his condition was considered grave. However, within a period of three 
or four days he had begun to improve. He became rational again, Ids temperature 
subsided; the painful joints improved remarkabU, and at the end of two weeks 
the acute phase of his illness appeared to be over. All of the purpuric spots on 
the head, trunk, and mucous membranes disappeared without leaving any trace of 
their presence. 

•From the Division of jMedieine. The ^layo Clinic. 

tWe are indebted to Dr. T. M. :Morrow of Scobey, Montana, for a detailed account 
of the onset of the patient’s illness. 
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Tile sequelae involved the eyes and extremities. The visual impairment along 
with photophobia and some redness of the conjunctivae, persisted until the patient 
came to the clinic on June 17. The gangrenous spots became more marked than 
they had been, and gradually involved the distal two-tliirds of the thumb and the 
index, middle, and ring fingers on the right hand; the tips of the middle and little 
fingers on the left hand, a small portion of the dorsal surface of the middle finger 
on the left hand; almost the entire outer surface of the left leg; a small portion 
of the outer aspect of the right leg; all of the toes of the right foot, and a part 
of the distal and lateral portions of the plantar surface of the right foot. 

Following the acute phase of his illness, he noted numbness in his hands and 
feet, and loss of sensation in his legs and feet. About eight ivecks after the on.set 
of the condition, all the toes of the riglit foot slouglied, and a short time there- 
after the gangrenous spots on tlie outer aspect of tlic left leg sloughed and left 
a large ulcer. Gradually, all of the gangrenous spots on the loirer extremities 
sloughed, and partial healing occurred. However, the gangrenous spots on the fingers 
remained. 

An interesting side light on the patient’s illness was the coincidental illness and 
death of liis mother. The patient and his mother had lived together for many 
years. Apparently, the mother, ndio was sixt 5 '-four j-ears of age, had been suffer- 
ing for some time with a mild congestive heart failure. Two days after the onset 
of her son ’s illness, she suddenly became acutely ill ; she vomited, had diarrhea, and 
passed tariy stools. When seen within twenty-four hours by her family physician, 
she was acutely ill and stuporous. She had a marked congestive heart failure, 
dyspnea, cyanosis, and edema which extended up over the lower part of the abdomen. 
On her forehead and thorax there were petechial spots, and a few hours before 
her death similar spots were noted on her abdomen and lower extremitie,s. These 
spots were similar to those which were noted on the son, but were less e.xtensive. 
She died suddenly within twenty-four hours of the onset of her illness. Necropsy 
was not permitted. 

When examined at the clinic, the son was well developed but poorly nourished. 
The value for the systolic blood pressure was 98 mm. of mercury, and that for the 
diastolic was 60 mm. of mercury. The pulse rate and the temperature were normal. 

There was marked impairment of vision. With the right eye he could distinguish 
moving objects, but in the left eye only light perception remained. A bilateral sub- 
acute uveitis was present. Bilateral cataracts were present, and both pupils were 
completely adherent. 

Examination of the upper extremities revealed that the ulnar and radial arteries 
were pulsating normally. On the right hand the distal two-thirds of the thumb, 
index, middle, and ring fingers, and the tip of the little finger were dry, black, 
and completely gangrenous (Fig. 1). On the left hand, a similar condition involved 
the distal third of the middle finger, the tip of the little finger, and a small spot 
on the dorsum of the middle finger in its middle third. The line of demarcation 
between the licalthy and gangrenous portions was clean-cut, and healthy granula- 
tions were noted proximally at the line of demarcation. The hands and the fingers 
were warm up to the line of demarcation and did not reveal any evidence of arterial 
insufficiency. 

Examination of the lower extremities revealed tliat the popliteal, dorsalis pedis 
and posterior tibial arteries were pulsating normally. Each of the toes of the 
right foot had sloughed either at the distal or proximal intcrplmlangeal joints, and 
the stumps were almost healed (Fig. 2). TJiere were ulcers on the plantar surface 
of the right foot and on the lateral aspect of the lower third of the right leg with 
evidence of recent healing of several small ulcers in this sitnafiou. On the left leg 
there was a verj- large ulcer which involved almost the entire latcnal aspect of this 
log. There was"^ evidence of recent healing in its upper margins. The toes of the 
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left foot were not involved. There was fairlj* healthy appearing granulation tissue 
at the bases of tlic ulcers, and tliere was evidence of recent healing around their 
margins. The ulcers were very insensitive to pain, as were the entire legs and feet. 
The feet presented no clinical evidence of arteiial insufficiency. 

Neurological examination revealed mild to moderate loss of touch and pain sensa- 
tion in the legs and feet. The sensory changes in tlie legs and feet were noted to 
be most marked peripheral to the ulcers. The neurological diagnosis was mono- 
neuritis multiplex, which probably was the result of infarctions. 

Laboratory examination revealed the concentration of hemoglobin to be 12.6 gni. 
in each 100 c.c. of blood; the erythrocytes numbered 4,170,000; the leukocytes, 
5,S00; and the platelets, loS.OOO, respectively, per cubic millimeter of blood. Uri- 
nalysis on two occasions did not reveal any abnormality. The blood flocculation test 
was negative. Examination of the urine did not disclose lead or arsenic. A 
roentgenogram of the tliorax was normal. Nasal smears did not reveal Mycohac- 
Icrium leprae. E.xaminatiou of the spinal fluid revealed normal findings. Agglu- 



Fiff. 1. Fig. 2. 


. Fig. 1. — Gangi-enc of Angers. 

Fig. 2. Healing of stumps and large ulcerated region in gangrene of foot. 

tination tests for typhoid and paratyphoid fever and witli Pioteiis X 19 were nega- 
tive. Nygaard coagulation studies gave a normal coagulation index and platelet 
volume. 

On June 24, 1935, pinch grafts were applied to the ulcerated region on the left 
leg. The first, second, third, and fourth fingers of the right hand and the first and 
fifth fingers of the left hand were amputated at the line of demarcation. The 
grafts took satisfactorily, and the wounds were healing rapidly when the patient 
was dismissed on September 7, 1935. 

The patient returned to the clinic on October 20, 1935. Examination at this 
time disclosed that the fingers and the ulcers on the left and right legs had healed. 
Two small ulcers on the plantar surface of the right foot were still open. Examina- 
tion of the eyes revealed that the uveitis had subsided considerably; otherwise, the 
eyes were essentially the same as they were when the patient was seen previously. 
Urinalysis did not reveal any abnormality. There were 339,000 platelets per cubic 
miUimeter of blood. On October 30, a combined extraction of an immature cataract 
was performed on the right eye. The patient was dismissed December 21, 1935. 
His chief concern 'now is his vision. 
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COMMENT 

The diagnostic problem presented by this patient is an interesting 
tbongh \erv difficult one. No similar condition bad been observed in 
more than 3,500 cases of peripheral vascular disease seen at the clinic 
in the previous ten years. The diffei'ential diagnosis would seem to de- 
mand consideration of a toxic, infectious, or allergic condition. 

Careful inquiiy did not reveal any po-ssible causative agent, with the 
exception of a home-ground, whole wheat cereal which the patient and 
bis mother bad been eating for several months. Ergot poisoning, there- 
fore, was considered as a possible etiological agent. Ergot is an impor- 
tant disease of rye, wheat, barley, and wild grasses in many sections of 
the United States. Although gangrenous ergotism has been reported 
among cattle in Iowa,^° no ease in which ergotism of human beings was 
the result of the ingestion of ergotized grain or grain products has been 
reported in this countnL 

There are certain features in this ease which fit the description of er- 
gotism, as given by Barger. In the various epidemics two types of the 
disease have been noted, that is, the gangrenous and the convulsive. The 
epidemics have been predominately of one type or the other. The com- 
bined form in the same case is extremely rare. According to Barger, the 
symptoms which are common to both types are a feeling of intense heat 
and cold, burning pains (St. Anthony’s fire) in the extremities, vomit- 
ing, severe diarrhea, formation of red and violet spots and vesicles in 
the skin, and impairment of mental function. In the gangrenous form, 
the skin becomes cold and livid and the diseased part may become black 
and gangrenous veiy suddenly. In the convulsive form, .severe mental 
reactions, pare.sthesias, muscular spasms, and convulsions occur, and in 
some cases there is a re.sidual anesthesia of the skin and even pci’manent 
contractures of the muscles and paralysis of the extremities. Vi.sual 
disturbances are common in conxmlsive ergotism, and cataracts have been 
reported in many of these cases.^ The disea.se may come on acutely and 
progi*e.ss rapidly in either type. There is no mention of the state of 
the temperature or of the occurrence of gastrointestinal hemorrhages in 
any of the previous accounts of the disease. 

The facts that both the patient and his mother had been eating wliolc 
wheat cereal for a considerable lime and that both wore .simjlaidy af- 
flicted at about the same time are suggestive of poisoning with ergot. 
The occurrence of the burning pain over the entire body and its disap- 
pearance the following day, with sub-serpient development of ])artial 
anesthesia of the limbs, are significant. The paresthesias and .se%’ere 
mental I’eaction and subserjuent development of cataracts would indicate 
that this was a mixed form of the disease. Purpura and fhromboc\ 
penia have been reported to occur following the inge.stion of ergot. 
The violet and red vesicles and spots in the skin, which were obseived 
in previous epidemics, may have been of a ptiipuric nature. 
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An analysis of a sample of the whole \vhcal cereal obtained from tlie 
, same mill, though of a dilferent batch from that eaten by the patient and 
liis mother, revealed no trace of ergot, as analyzed by Scliaer’s method. 
This negative finding is of doubtful significance since an examination 
■was not made of the cereal n-hich (he jiatient mtis eating at the onset 
of his illness. 

The occurrence of .symmetrical gangrene in acute infectious processes 
has recently been pointed out by Lewis.'’ Typhus fever, typhoid fever, 
])ncumonia, influenza, diphtheria, scarlet fever, and measles are examples 
of infectious, diseases "which have been comjilieated by .symmetrical gan- 
grene. The acute phase of this patient’s illnc.ss might v’cll have been 
the result of an infectious proce.ss of some kind. However, three months 
after the onset, agglutination tests for typhoid fever, ])aratyi)hoid fever, 
and typhus fever M’ere negative. 

Finally, the occurrence of purjnu-a ndthout a marked thrombocyto- 
penia brings up for consideration the anaphylactoid type of pur])ura. 
The occurrence of gangrene as a complication of purpura is extremely 
rare. Both the purpura and the gangrene have almost always been 
secondary to some infectious disease, usually scarlet fever."* Meyer'* 
recently reported a case of gangrene follonfing purpura, in -which there 
was a marked reduction in the number of blood jilatelets. Osier pre- 
sented a series of eases of jiurpura in which the visceral manifestations 
■were outstanding. In some of tliese cases there -was necrosis of the skin. 
All of the patients had allergic manifestations such as angioneurotic 
edema, and many had had previous imrpuric and allergic episodes. Our 
patient presented evidence of involvement of the eyes, gastrointestinal 
tract, spleen, and kidneys, Avhich was not markedly dissimilar to that 
in the cases reported by 0.sler, and it is possible that the digital 
gangrene might represent another form of visceral involvement in the 
form of contraction of smootli muscle not unlike the contraction of the 
smooth muscle of the intestine, ivhich characterizes Henoclrs purpura. 
However, none of the subjects M’ho had purpura and gangrene had 
severe burning’ pains which disappeared suddenly, pare.sthesias, marked 
impairment of mental function, or cataracts, such as are seen in ergotism. 


SUAOIARY 

Wo have ])rcsentcd a case in n-hieh a farmer, aged forty-four years, 
had an acute illne.ss of two weeks’ duration, complicated by puri)ura and 
an extensive dry gangrene of the digits and of the skin of the legs. M e 
feel that the etiological agent was toxic or infectious in origin, although 
it appears impossible at this late date to arrive at a definite diagnosis. 
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NEW YOEK HEAET ASSOCIATION 
Heart Cominittee of the New York Tuberculosis and Health Association 

The animal scientific meeting of (he Xeiv York Committee on Cardiac Clinics 
was held at tlie New Y'ork Academy of Jiledicine in New Y'ork City on April 28, 
1936, The following are abstracts of papers presented or read by title: 

The Precordial Lead in Children. Arthur M. Master, M.D., Simon Back, M.D., 

and Harry L. JafFe, M.D. (Mount Sinai Hospital). 

ABSTRACT 

A preliminary report on chest leads in normal children has been made. Anterior 
chest leads were studied in seven positions in seventy-one normal diildren of from 
two to fifteen years of age. The active electrode was moved across the fourtli or 
fifth interspace from the right of the sternum to beyond the apex of the heart. The 
following data were obtained: The P-wave was small, usually inverted and often 
absent. The Q-wave, always present, varied from 2 to 22 mm., increasing as the 
electrode approached the apex. The B-wave also varied from 2 to 22 mm., but 
diminished near the apex. Notching and slurring of the QES were common. The 
B-T transition was never elevated or depressed over 1 ram. An upright or diphasic 
T-wave to the left of the sternum, abnormal in adults, occurred in GO per cent of 
tlie children. It was most frequent over tlie sternum, tlie incidence decreasing as 
the apex was approached as well as with increasmg age. No correlation was found 
between the shape of the heart or axis deviation and the presence of upright T-waves. 
An upright T-wave in the precordial lead in children is not to be considered a sign 
of cardiac involvement. 

Studies of the Circulation in Affections of the Precordium. Harold J. Stewart, 

M.D., Norman F. Crane, M.D., and John E. Deitrick, M.D. (New York Hospital, 

Cornell lTniver.sity Medical College). 

ABSTRACT 

Studies of the circulation have been made in patients e.xhibiting lesions of the 
pericardium, three suffering from chronic constrictive pericarditis, and a fourth 
exliibiting recurrent pericardial effusion. Observations were made of cardiac 
output by the acetylene method (tliree samples being taken), of arm-to-tonguo 
circulation time (decholin), of venous pressure (direct method), of blood pressure, 

■ of heart rate, of cardiac size (x-ray). Electrocardiograms together mth electrical 
axis sliifts were also recorded. All observations were made with patients in a basal 
metabolic state. 

In those with constrictii'e pericarditis it was foimd that the cardiac output 
was less and the circulation time longer than in normal individuals; the venous 
pressure was elevated. The heart was not large in these patients, and the elec- 
trical axis of the electrocardiogram was relatively fixed. 

In the patient with recurring effusion after removal of the fluid (1,000 c.c. to 1,500 
c.o. was removed every tliree to four weeks), edema of the face, dyspnea, pleural 
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effusion, ascites, and swelling of the liver .subsided or became less, only to increase 
or return %vith reaccumulation of pericardial effusion. In this patient in each in- 
stance recurrence of the pericardial effusion was associated with rise in venou.-; 
pressure, decrease in cardiac output, lengthening of the circulation lime, and 
increase in. heart rate. At operation, the pericardial sac was thin and nowhere 
adherent, and no reason for the recurrence of the effusion was ascertained. Eo- 
covery after operation was uneventful, recurrence of the effusion continuing 
to take place. 

Summary . — Affections of the pericardium which obstruct the filling of the 
heart were associated with increase in venous pressure, increase in arm-to-tongue 
circulation time, and decrease in cardiac output in the patients who have been 
studied. 

Heart Disease and Pregnancy. Arthur E. Lamb, lif.D. (Brooklyn Hospital). 


ABSTllACT 


Since l!)2(i a study of the relation of heart disease :ind pregnancy has been 
carried on in tlic prenatal division of the cardiac clinic. One hundred ten patients 
are the basis of this study. 

Analyses were made covering the following points: (1) incidence of functional 
murmurs; (2) incidence of organic lesions; (3) etiology of the organic lesion; 
(4) anatomical diagnosis, and the relation of the anatomical diagnosis to heart 
failure and death; (5) the relation of the age of the patient to decompensation; 
(0) the relation of parity to heart failure; (7) the montlis of pregnancy in which 
heart failure occurs. 

The number of decomjjonsations and deaths occurring in each functional class 
is shown. It was found that twelve patients in Cla.«ses I and II A became decompen- 
sated. Analysis of the cases was made according to the size of the heart, the pre.s- 
ence of a long rumbling diastolic murmur at the apex, the duration of the rheumatic 
di.sease, the presence of signs of rheumatic acti-city, and the presence of auricular 
fibrillation. From this analysis it w'as concluded that these factors in addition 
to tlie functional classification mu.st be considered in the evaluation of a j)rognancy 
ri.sk. 

Coronary Artery Disease in Women. Hyman Levy, AI.D., and Ernst P. Boa.s, 

Iir.D. (Alount Sinai Ho.sjiital). 


ABSTK.VCT 

Although, in women, prccordial pain is a very common symptom, coronary artery 
disease is unusual in the absence of diabetes and hypertension and is rare in women 
under fifty years of age. Ignorance of this fact leads to many mistaken diagnose.s. 
During the past seven years in an office practice repre.senting largely patients re- 
ferred for cardiovascular diagnosis, we .saw .171 case.s of coronary artery disease in 
women, which rejiresents 10..^ per cent of all of the women seen. In tiie same j)eriod 
we saw 1,059 cjises of coronary artery disease in men, representing -Ifi.t! ])er cent 
of all male patients. The frequency is 4..S times as great in men as in women. 
Of the 171 ciises in women, 7;5.7 per cent occurred in the j)reflenee of hypertension 
alone, 14 per cent in the jiresence of Iioth diabetes and hyperten.sion, and .1.5 per 
cent in the presence of diabetes alone. In onlj' 8.8 per cent was there neither 
hypertension nor diiibetes, and only one-fhini of tliis small grouj' wi-re women under 
fifty years of age. A Large part of the study is devoteil to the evaluation of symp- 
toms and the cstablisliment of criteria for the diagnosis of coronary artery disease 
in women. Tliis is based largely on n follow-up .«tudy undertaken to check the 
accuracy of flie original diagnosis. 
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The Effect of Potential Variations of the Distant Electrode on the Precordial 
Electrocardiogram. Charles E. Ko.ssniann, 5I.D., and Bertha Rader, A.B. (Kew 
York University College of Medicine, Bellevue Hospital). 

ahsthact 

Leads lA , A', and A' I of AA olferth and his associates were recorded in nine sub- 
jects with widely varying electrical axes in the standard leads. The potential 
variations of the left leg, and of precisely the same points on the precordiiim and 
on the back used to record Lead lA", were then obtained by the method of AVilson and 
his associates. All electrocardiograms were taken simultaneously with standard 
Lead I. In every patient the potential variations of the precordial electrode 
qualitatively and quantitative!}' dominated the form of the curve obtained when 
this electrode was paired with a .distant one placed either on the back or on the 
left leg. In Leads lA' and A* the effect of the distant electrode was usually small 
but exceedingly variable. AVhen the position and size of the exploring electrode 
were kex)t constant, marked differences between Leads lA’ and A' were due only to 
considerable differences between the potential variations of the back and the 
potential variations of the left leg. 

Fapera Bead hy Title 

Transient Ventricular Fibrillation: Its Clinical and Graphic Manifestations Dur- 
ing Established Auriculoventricular Dissociation. Sidney P. Schwartz, AI.D. 
(klontefiore Ho.spital). 

ABSTR.VCT 

Correlated observations of the clinical and graphic manifestations of syncopal 
seizures in six patients with A-A’ dissociation reveal that a clinical diagnosis of the 
cardiac incehanism responsible for these seizures may be made from a knowledge 
of the following: 

A. The prefibrillatory meeiianism. This is characterized l)y an acceleration of 
the basic ventricular rate. This acceleration may be effected through (a) a simple 
and progressive shortening of the interventricular periods; (b) a steplike progi’es- 
sion of both auidcles and ventricles; (c) the interposition of a single extrasystole 
changing a slower rhythm to a faster one; (d) recurrent short runs of tachycardia 
arising in an ectopic focus of the ventricles and alternating with the periods of 
heart-block; (e) a tachysystole in which a rapid auricular rate keeps pace with a 
rapid ventricular rate; and finally (f) the ventricidar rate may be increased by 
isolated premature beats of the ventricles which would appear in rapid succession 
and accelerate the heart before the cardiac mechanism responsible for .s}'ncope 
set in. 

B. The postfibrillatory mechanism which follows the revival of the heart. This is 
characterized by a progressive acceleration of an intei medial y idio\ entricular 
rhythm, so that, if the heart rate following an attack of syncope is noted to increase 
in this manner, it is fair to assume that the period of .s}'ncope which anteceded this 
mechanism was the result of ventricular fibrillation. 

C. The use of epinephrine hydrochloride. In patients in whom standstill of the 
ventricles is the cause of syncope, epinephrine hydrochloride merely accelerates the 
idioventricular rate or docs not influence it at all. In patients in whom ventricular 
fibrillation is the underlying cardiac mechanism, epinephrine hydrochloride yields 
short runs of ventricular oscillations which arc short runs of ventricular fibrillation. 
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P]?0CEED1NGS OF THE GEIEMAN A880C1AT10X FOK THE STUUV OF THE 

CIHCULATIOK" 

EIGHTH ANNUAL MEETING, IVIE8BADEN, ilAliCK tH AND 25, 1(K’.5 

The iiiiiin topii* for this meeting wns the iiiterrehnf ion of eirenhiiioti jiinl n‘sj»ir:i- 
tion. The following reports were made; 

1. The Physiological Coordination of Respiration and Circulation. W. B. Hes.s 
(Zurich). 

A review of recent work was presented. The author first considered CO. and O, 
transport. .Since the ti.«.sue eell.s are the .‘Jotirce of CO,, their Wood How mn.^t Is.‘ ad- 
justed to their CO, prodmdion. Thi.s i.s done by mejins of the arleriole.s. The di- 
version of blood to active tisstic.s Ic.'ids to a decrcti.'-e of blood stijiply to tbe rcs/dra- 
tory center which dccrousc results in its stinuilntion, ijnle.«s the cardiac output is 
mignienfed .sufneientiy to enuntentef tlie effect. .Vrterial refie.xes resulting from 
the blood pressure changes further modify these adjustments. A balance exi.sts be- 
tween the CO, transported to the lung by the blood and the CO, cliininated by the 
lungs. This is regulated by the CO, eoneentration of the blood acting retlexly on the 
re.spiratory center by .stimulating certain recej>tors Ua-aled in blond vessels. It 
follows, therefore, that every adju.stment of tlie cinnilation which alters the con- 
centration of CO, in the region of these receptors wifi modify re.spiratioii. These 
receptors are tuned to keep tiie CO, from accumulating in the tissues. 

Einiilar adjustments can be sliown to exist with regard to (),. e.vcept that the ud- 
jusfr/ient.s here are to prevent O, depletion in the tissues. The adjustments for O, 
are not .so fine Imcjiuse O, diffusi-s much more slowly than CO,, and for the same 
re.-ison there is a greater time lag. 

In con.sidering the.«e integrations one must bi>ar in mind the following: (!) that 
the body has a large eapacity to bufTer CO,, (2) tliat ehange.s in circulation and 
respiration modify one another in mechanical ways, aiul (5) that res[dratory ad- 
justments are for tlie body as a whole whereas circulatorv- adjustments .are sum- 
juations of ksail uetions in various organs. 

The author then discussed changes In bloo<l flow attd blood pressure during the 
respiratory eycle. pointing out tltat within certain limits these <lo not m'slify the 
bloofi flow per minute. He next elaborated nji the loc.aJ eoiitro! of blood flow in 
tissues. He next brought out the view of Heymaus ' that rec<'ptors xviitcji start 
the retlexes to .adjust re.sjdnition are located in the aortic sind carotid .~inus regions 
wlicrc end-org!iiis are loe.-ited which also refli-sly rcguhite the circulation. Tlx- ev- 
idence pro find con for this view is j>re<-ente<L This masterful pre.-^-ntfif tort is e/.n- 
eluded with a tiiscussion of the ride jdayed by the higher liervtms cejiters bs-attri in 
the hypothe.lamus, Tiie present accuinu'mtion of evidence points to tlie sijb- and hyjKc 
th.-dnmus rather than tht' medulla oblorigatrt as the regions which Jtiay play the dont- 
inant rfde in iftes.- adjusttnents. 

b.c Kli. Koe}, fttel l.utifts}«<.i tiy Tto-o. .‘-'tcinkoiitr. rtfc^deti and It*-.'. 
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2. Alterations in the Respiratory Mechanism and. Their Effects on the Circulation. 

K. F. Wenckebach (Vienna) . 

The author discussed the comparative physiology of these two systems to show 
that (1) all the blood must pass through the ventilation chamber before going to the 
peripheral organs and (2) that the ventilation chamber acts as a suction and force 
pump for both air and blood. He then reviewed the mechanism of the movements of 
the thoracic cage. He discussed the various U-pes of respiratory dysfunction and 
how they are produced (viz., pneumonose, chest deformities and emphysema) and 
pointed out that these change the normal beneficial action of respiration into a 
detrimental one. This occurs in part by displacement of the heart and of the 
diaphragm, by increasing the effort involved in breathing, by decreasing the pumping 
action of respiration which facilitates the venous return, and by increasing the re- 
.sistance to pulmonary flow. ‘ 

3. Pulmonary Circulation in Normal and Pathological States. M. Hochrein (Leip- 

zig)- 

The output of the right and left ventricle are equal when conditions are stable. 
The lung vascular-tree is a passive bed that mirrors the disharmonies of the right and 
left heart. The blood flow is a function of the pressure difference existing be- 
tween the right ventricle and the left auricle. In fact, pulmonary arterial pressure is 
the stabilizer of maladjustments in pulmonary flow. There is an optimum rate and 
depth of respiration as far as blood flow is concerned, deviation from which causes 
decrease in flow; inspiration augments inflow into the lungs and expiration augments 
outflow from the lungs. 

The lungs normally contain up to one-fourth of the blood in the body. They 
are one of the blood reservoirs of the body. Increase in intraalveolar pressure 
decreases the amount of blood in the lung, and a decrease in this pressure has the 
reverse action. Reflex vasoconstriction of the pulmonary vessels can be demon- 
strated. Adrenalin normally causes an accumulation of blood in the lungs, but 
when the lungs are engorged, it has the exact opposite action. Short periods of 
static effort cause a decrease in the lung blood content, but most exercises of longer 
duration lead to an increase in lung blood volume which quickly disappears following 
cessation of the exercise. 

While these changes in lung blood content provide for adjustments in gas ex- 
change, they are more important in acting to neutralize any tendency for the out- 
put of the right and left heart to become unequal. These changes in lung capacity 
also operate to permit quick adjustment of the output of the left heart to body 
needs. Some of these adjustments are of reflex nature. The origin of some of 
these is in the pulmonary system. 

Changes in the pulmonary circulation occur not only in left heart failure, pul- 
monary sclerosis;, emphysema, kj'phoscoliosis, but also follow coughing, strain, and 
asthmatic attacks. The author .suggests that sighing respiration may be a com- 
pensatory mechanism to accelerate blood flow. 

Damage to the lung vessels can cause edema, and insufficiency of the lung vessel 
muscles may lead to hypostatic pneumonia. The author suggests that a reflex 
from the abdominal organs may lead to serious lung engorgement Artth sudden 
dyspnea as a result. 

Clinicall}', the state of the lesser circuit can be determined by the degree of cy- 
anosis and tachypnea, by the intensity of the second pulmonic sound, by the presence 
of catarrh, pulmonary edema, and stasis in the greater circuit, by the x-ray appear- 
ance of the lungs, and more quantitatively, by the vital capacity. Unfortunately, the 
value of A-ital capacity measurements is les.«encd since it requires the conscious co- 
operation of the jjatient. 
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l.umin.'i! in inuii and barbituratos in animals seem to lessen sboidc following pul- 
njonary embolism. The author believes that artificial respiration, as with the Drinker 
Kiachine, is l^meficial in convalescing patients, and he recomniends in these e!i.«es 
stimulation of the respiratory center. 

4. Functional Structure of the Lung Vessels. A. Benninghoff (Kiel). 

There i.'s a sphincter at the mouth of the pulmonary artery where it joins the 
right ventricle. Thi.s is the homologuc of the biilbus musculature. In man there 
are no purely muscular type of pulmonary arteries such ns constitute the perijvheral 
nrterie.s in the systemic circuit. The pulmonary arteries are either of the e.asily dis- 
tensible ela.stie type or the precapillaric.s. The former nrtcrie.s Imvc .-i system of 
clastic and nniseular fibers so arranged that the muscles act on the elastic strands 
and vice versa. The alterations in the muscle fibers prevent the ve.s.scl wall from 
acting as a jmre elastic body. In this waj* the vcsscLs are kept from overdisfend- 
ing. Tlic arclutccturc is different in other mamnmls. lie was unable to find ampule 
formation or arteriovenous shunts in the lung capillary bed. 

The veins have more circular muscles than the arteries. In some mammals the 
veins iiave also been found to contain cardiac mnsclcs which suggests active con- 
tractions. 

5. The Ile.sistance of the Lung Circulation and the Mechanisms of Its Kcgnlation. 

B. Wagner (Breslau). 

In animals with chest clo.«ed an electric transmission manometer shows that the 
maximum pressure in the right ventricle is higher during inspiration tlmn expira- 
tion. Anything causing stretching of the lungs cam-e.s an cfiect similar to inspira- 
tion, pre.4umably by increasing the pulmonary rc.sisfance. Vasomotor influences also 
ufTcct pulmonary resistance. These changes in resistance arc buffered by varia- 
tions in the number of capillaries open. There is thus a reserve of unojionod capil- 
larie.s which vary from time to time. 

6. Acute Cardiac Pulmonary Edema. F, Schollong (Heidelberg). 

Acute cardiac pulmonary edema occurs in mitral stenosis, but it is particularly 
common in hypertension and left heart failure. Hindrance to pulmonary onfiow 
following loft heart failure is not llie only cause. 'J’lie author states that nervous 
factors and the amount of blood entering the lungs play important roles. These 
combine to cause overfilling of the lung vessels and thu.s letid to lung edema. 

In inilral stenosis conge.stion of the lung and hindrance to onflow are constantly 
present .“o that edema follows readily whenever there is an inercjisc in the amount of 
blood entering the lungs. Therefore, fnihiro of the right ventricle and venesection 
by lessening tlie timouut of blood entering the lungs improve the condition. Xitrite.s 
act by incn.-usiiig the splanclinie bed and thus cut down the flow to the right heart. 
The author states that patients with mitral stenosia can la; regarded as f<-eling 
va'-omotor rea.ctions in their chests. The author ladieves fliat digitalis mtiy bri!i,g 
on attm-k of pulmonary edema in patients with mitral .stenosis ati-l advoc.-ites 
nitrites ns a preventive. 

Tm'o types of pulmonary edema arc found, one occurring in the presence 
of ehronie pulmonary congestion, tho other in its absence. The former type 
(wears at night or following slight otTorl when the patient is lying down, Dy.-pn-ri 
i-i an import.'iin and domtn.-tnt symptom and is as-ociated aith cyan'c-is. The treat- 
{n-T-t is the treattnenJ for congestive failure. 

The r-'c-rjad tyjH- follow,? rage. It is aeei.mpanie-l 5<y n sen*-c of pres-ore in tliC 
el.--;, b.^catliing iK-rornes rani-l, the patb-nt has no didicully ledding hie hresth, 
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and there is no cyanosis. Morphine brings quick relief, as do sedatives and vaso- 
dilators. The blood pressure rises in both forms, and the cardiac output increases. 
The second form, the author believes, is due to nervous reflexes which ultimately 
lead to the edema of the lungs. The author conceives the elevated blood pressure 
and increased heart output as the precipitating factors for the attacks. 'iVlien 
dyspnea occurs, this sets up a wcious cycle. Nitrites are effective by leading to dila- 
tation of the splanchnic vessels, a decrease return to the right heart and a lowering 
of the arterial blood pressure. 

7. Pneumonose. R. Schoen (Leipzig). 

Pneumonose indicates a disturbance of O. absorption by the blood resulting from 
a decrease in the permeability of the alveolar wall. The 0„ tension in the alveoli 
is normal, and yet the arterial 0, content is decreased. The author mentions the 
difficulties of proving the existence of this condition which is inherent in the methods 
available of obtaining true samples of all the alveoli and of alveolar blood. Clin- 
ically, the anoxemia in compensated mitral stenosis with lung congestion may be 
of this form. There are also forms of toxic origin, particularly those which in a 
more advaced stage cause pulmonary edema. Interstitial pneumonitis may act as a 
barrier to 0„ exchange and so may congestion of the alveolar wall. 


8. Respiratory Excursion of the Heart and Large Vessels — A Roentgenkymo- 

grapMc Demonstration. G. A. Weltz (Munich). 

Respiratory changes in the position of the heart depend on movements of the 
diaphragm. These changes may be quite marked and cause a marked alteration in 
heart shadow and so make estimations of lieart size verj^ inexact. Usually the heart 
shadow is found to be decreased in inspiration. 

During inspiration, the heart .shadow is usually larger than in expiration, and 
the pulsations of the heart borders are smaller. Respiratory sinus arrhythmia may 
alter this. The aorta and pulmonary artery move laterally as the heart shadow in- 
creases in size. The pulsations of these vessels also vary during the respiratory 
cj’-cle. In deep expiration the pulsations of the right and left margin of the 
“aortic” shadow are out of phase. The liver gets less opaque during inspiration. 

9. The Activity of the Lung Capillaries. W. Tiemann (Munich). 

Not all of the lung capillaries are functioning, some of these being held in re- 
serve. The caliber of the capillaries is determined by the acthity of the arterioles 
and by the state of the alveolar wall. Blood flow is best in inspiration and worst 
in expiration. However, deep inspiration narrows the capillaries by elongating them. 
Oxygen, carbon dioxide, adrenalin and histamine have no direct action on the capil- 
laries. Tlie author finds that h 3 pophysin acts on tlie arterioles. Unlike the systemic 
capillaries, those of the lung are not activelj' contractile. These differences mav 
be due to the fact that the blood vessels of the lung serve the body at large rather 
than the lungs themselves. The lung parenchj-ma, however, is nourished by the 
bronchial blood vessels which are part of the systemic circuit and the capillaries of 
which behave like sj'stemic capillaries. 

10. The Dependence of Stroke Voliune on Breathing. R. Herbst (Kiel). 

The author has used pulse pressure as an index of stroke volume, and Ixis com- 
putations suggest that there is cyclic respiratory variation of 15 c.c. during quiet 
respiration, the stroke volume increase beginning in early inspiration and reaching 
a maximum earlj- in expiration. 

The results are explained as the delayed effect of increased venous return to the 
right heart as modified by changes in capacity of the lung ^circuit. The venous return 
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to the riglit licart increases in inspiration and docreases in expiration. In deep rn.s- 
piration the difference.-^ in output during the re.-spiratory cycle may 1 h' greater than 
50 e.e. 


11. Relation of Breathing to the O. Saturation of Arterial Blood. K, hlatthc.-: 

(Leipzig) . 

The author gave a description of a method of determining 0, saturation in im- 
0 {iened vessels. It involves photoelectric registnition of monochromatic liglit, lie 
Used if in the clinic hy transilluminating portions of the finger. By using a finger 
plefhysmograph, he can get simultaneous change.s in blood volume itud so rule out 
changes in hemoglobin concentration in this part. Histamine is used to give wiilely 
dilated capillaries. The iiuthor found the car better suited for O. safurjifion measure- 
ment, but it tvas not feasible to u.se a plethysmograph for this org.-in. Instead, he 
used the transinitabilily of a green light in the other ear as a control. 

In animals a respinitory variation of O. saturation was found to m-cur. The 
tiine relation between the onset of inspiration and the rise in O. saturation gives an 
idea of how long it f.-tkes for O, to get from the air pas.“agcs to the skin capillaries. 
This is shortened after c.vercise. This respiratory cycle fluctuation of O, .satura- 
tion does not occur in normal man. Patient.s with bronchitis and dyspnea, how- 
ever, do show respiratory cycle variations in O, saturation. Changes in O, satura- 
tion ul.so occur even in normal jicr.sons during sjiecch and hyperventilation. 

12. Vasomotor Influences and Blood Pressure in the Lesser Circuit. A. Stmbell- 

Harkort (Dresden). 

Tti this polemic and lengthy discussion of the literature the author concludes 
that there arc vasomotor influence.s. 


13. Respiratory Arrhythmia in Canines. J. Norr (Munich). 

The author studied 1.000 dogs with chest lend elect rocardiograms and deter- 
mined ill each the greatest variation in cycle length during respiration. In the 
lirst days of life the heart r.ate is regular. After a few months, sinus arrhythmia 
ajipears and persists np to the rijie ago of fifteen years. l-Yvcr associated with 
illness abolishes this arrhythmia. Disease in dogs had no consistent effect on the 
arrhythmia. Only eight dogs showed ex tra.sy stoles and four showed A-V block. 


14. Concerning Rc.splr.itory Arrhythmia. A. Schweitzer (Bad Nauheim). 

Tills study is based on animal exj.erimciils. Ohungos in the degree of sinus 
arrhvthmia can be effected by the action of the i-arotid sinus reflexes uitliont 
modifying rcs|iiralion. The iiiereased tone of the sinus nerve lirings oof the 
rcfle.x just as it slows the heart. A good vagus tone is essential for flu- «r- 
rhyllnnia. The author concludes that the cause for arrhythmia is in j.arl a reflex 
from the lungs and in part “ irradiation" from the respiratory center. 


15. Ortho!!t.atic Circulatory Con.ip.sc~Gravlty Shock Under Reduced Atraospherfe 
Prc.^Hurcs. D. Matcoff (Sofi.a) and V/. Schwarz (Hamburg). 


In reduced ntmospheric {•ro.-ures the capillary bed in the mn-clcH is increJi’-ed 
as shown by greater ease with which gravity .Hhock occurs in persons -'nU'tO mefers 
above sea levi-l than in those at sea level. .Mountain sickne-^H disappears when 
the subject lies down or when the limbs- are bnnd.-iged when he siands. 
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16. The Significance of Kespiratory Curves in Different Diseases of the Heart and 

Large Vessels. A. Luisada (Naples). 

This is a discussion of pneumotachygi-ains. The author considers that, these 
curves are the resultant of several factors: (a) transmitted iinpulses from the 
heart to the chest, (Ij) movement of the blood out of the chest via the aorta, 
(c) movement of the blood into the chest via the venae cavae, (d) liver pulsa- 
tions, and (e) changes in filling of the lung arterial tree. 

17. Significance of Simultaneous Measurements of Venous Pressure and Pul- 

monary Circulation Time in Cardiac Insufficiency. B. Brusik (Prague). 

These trvo measurements permit the determination of right- and left-sided fail- 
ure. In the former the venous pressure rises, and pulmonary circulation time is 
slowed. In pure left-sided failure venous pressure rises very little, and pulmonary 
circulation time is unaffected. A grave prognostic sign is an elevation of venous 
pressure without much change in pulmonary circulation time. For venous pres- 
sure the author used the direct method, for circulation time he used decholin. 
This study is based on observations on 101 patients. 

18. Lung Circulation and Lung Musculature in Atelectasis and Emphysema. E. 

Reinhardt (Berlin). 

The author claims that narrowing of the capillaries and the venules of the 
alveolar wall occurs before the onset of inspiration and that their widening occurs 
before the onset of expiration. Hence, these vessel changes are active. He has 
not seen empty lung capillaries and can produce changes in lung capillaries by 
vasomotor stimulation. The lung vessel changes can be produced by stimulating 
the visceral pleura. He believes that atelectasis is due to a contraction of the 
lung and bronchial musculature probably following a pleuropulmonary reflex. 
Emphysema he attributes to a nerve paresis. 

19. Clinical and Experimental Observations on Respiration and Cerebral Reactions 

During Heart Standstill. P. Formijne (Amsterdam) . 

In three patients each Adams-Stokes attack was followed by twitching or 
apnea. This is attributed to overventilat.ion during heart standstill and transport 
of this acapnic blood to the brain when the heart beats again. A similar twitch- 
ing was noted following syncope in one patient. After experimental heart stop- 
page, apnea occurred regularly and twitching occasionally. Twitching of the 
muscle seems to require an intact cerebrum. It is not seen in narcosis or coma. 
While hj-perpnea seemed to be the cause of the subsequent apnea, other reflex 
mechanisms seemed to operate as well. 

20. Silicosis, Respiration and Circulation. G. Briickner (Hamm). 

This is a report of nine cases. Evidence of right heart failure in the venous 
pulse occurred in early cases and only occasionally in advanced cases. This ev- 
idence of failure is a marked systolic collapse and an exaggerated diastolic wave 
■ of the venous pulse. 

21. Relation Between “Modality” of Circulatory and Respiratory Disease. S. 

Holler (Bad Nauheim). 

A statistical analysis is presented showing that when grip is prevalent, the 
death rate from heart disease is increased, but so is the death rate for those per- 
sons without heart disease. In the United Stales, 80 per cent of those reported 
dying a re.spiratory death have circulatory disturbances as a contributing cause. 
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In Czechoslovakia tMs is tnie in only 2 to 3 per cent o£ the cases. In New York Biate 
only 3 to 8 per cent of those dying of circulatory di.«ease have rc.spiratory disease 
as a contributing cause, 

22. CO. and Catbogen in Handling Disease.s of the Peripheral Arteries. A. V. 

di Cio (Buenos Aires). 

In this rcijort 250 c.c. of gas n-as injected under the skin, llie dose being in- 
creased daily up to the maximum that the patient will bear (usually 600-700 c.c.). 
This is used in acrocyanosis and intermittent claudication, a])parently, according 
to the author, with benefit. Garbogcu is a mixture of 05 jter cent. 6, and 5 per 
cent COj. A capillary microscope .shows an opening up of cnpUlarie.s and an ac- 
celeration of flow. It takes from twelve to .sixty liours for llieso gases to ])0 ab- 
sorbed. 

23. Eespiration Therapy in High Blood Pressure. R. Tnimpp (Bad lilohcnstcln, 

Thur). 

This report deals with a description of respiratory e.vcrcisos with purported 
beneficial results in lij'portcnsion. 

24. The Significance of Respiratory Changes in Contour of ElectrocardIogTani.s as 

Evidence of Myocardial Damage, L. Condorelli (Cagliari). 

Respiratory fluctuation of electrocardiographic contour is evidence of vagal 
action on the heart and coronary vesscl.s. Tiic npi)carancc of respiratory abnor- 
raalitios may on occasion be the only evidence of myocardial infarction. 

25. The Significance of Selected Leads of Auricular Electrogrixms in Showing Con- 

duction Disturbances in the Auricles. S. Laufer (Naples). 

Two needle electrodes were used. They were placed in the second and fourth 
interspaces to the right of the sternum for the right auricle. For the left auricle 
a urethral catheter arranged with two electrodes was inserted in the esophagus 
so that the elect rode.s were at the level of the left auricle. In this way, the author 
found split nnd broad P-waves not evidenced in the standard lends. 

26. Experimental Studies Concerning the Meaning of Thoracic Elcctrocardiogr.'vnw. 

R, Schwab (Bad Nauheim). 

An exploring electrode was j)laced oji various regions of the exposed heart of 
the rabbit which was kept out of contact with Iht' chest, the indilTereni electrode 
being placed in the moullt. No definite characteristic potential field could be ob- 
tained on the heart surface. When the heart was surrounded by saline, a definite 
field was found with ojie maximnuj point. When a gelatin cup containing salt 
solution was placed on the licnrt, two maxima were found. The author concludes 
that the two maxima obtained in the closed chest do not depict rigid and h-ft 
ventricular activity hut rather the edge.« of the two chamber,'. 

J-'b. Koch (Bad Xaiiheim), in di.«<’n,«sing this pai)cr, points out. its iniportance in 
\indcr.standing the thora<-ie lead. This re.'ult is in accord witft tfiat of Koch-^^om!t! 
who found two maxima in a .'single chamlM'red frog heart under similar conditions. 

27. Lig.ation of the Coronary Veins — Pathological Anatomic.al Invcstlg.ations. S. 

Laufer (Cagliari). 

Foiln%ving ligation of the coronary veins the author found jiericardinl llbro-i’ 
and In early stages .sn)>ejticardi(ii hemorrhiige'-, esju-t-iallv in the region of tJu; 
tiurtele and interventricular septntn. insfologjeally, he found evidence of .stn-in 
in the tiurieular rnyfx'ardiun; u if Kin forty eighf hot.-r'. I'hi- was a-'.-'s'i.ated v.lth 
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subendocardial and subpericardial liemorrliages and w’itli thrombosis of the super- 
licial veins. No such evidence was found in the ventricles. After from lifteen 
to thirty days there was emdence. of cavernous capillary channels in the auricles. 
The muscles were fragmented and fibroblasts appeared. All this was confined to 
the auricles. After one year, evidence of auricular fibrosis was discovered. In 
electrocardiograms negative S-T segments and tall pointed T-waves were found. 
Perhaps this auricular damage is the cause of auricular fibrillation. Condorelli 
believes the difference in results between the action on the auricles and ventricles 
depends on the power of the A-entricular contractions to empty the coronary 
blood via the thebesian channels. 

28. Concerning Pulsatory Movements of Arteries. K. Hurthle (Tilbingen) . 

The author concludes that pulsatorj' movement of the arterial wall is the sum- 
mation of a passive elastic wave which is transmitted at a velocity dependent on 
the pressure and extensibility of the vessels, and an active wave propagated by 
muscular contraction. 

29. Strophanthin in Warm-Blooded Animals With Pever. P. Martini and P. 

Grosse-Brockhoff (Bonn) . 

Fever enhances the action of strophanthin. The author determined the 
relative lethal dose of this di-ug in rabbits anesthetized with pernocton in which 
fever was produced by staphylococcus sepsis. The author could not confirm the 
idea that strophanthin is borne well by patients with fever. 

30. Relation Between Blood Pressure Level and Sulphocyanide Content of Blood. 

E. Becher, P. Hartner, and E. Herrmann (Frankfort a. M.) . 

The authors found no difference in sulphocyanide in 'tyale^' and ''red" hj^per* 
tension patients. In both sulphocyanide concentration is occasionally increased. 

31. The Pressure Distribution Between the Circulation in ‘‘Vasa Privata" and 

‘‘Vasa Publica." H. Havlicek. 

The “vasa privata" are the small lung vessels and "vasa publica" are the 
large pulmonary arteries and veins. These terms were used by Euysch in the 
seventeenth century. The author gives a theoretical discussion of these two parts of 
the circulation. He emphasizes the importance of arteriovenous shunts. 

32. A New Method of X-ray Examination of Aorta. W. Galli (Mailand). 

The method consists of passing a tube with a condom on the end into the 
esophagus. This tube is filled with air (120 c.c.) and its position adjusted under 
the fluoroscope. The throat is anesthetized for this purpose. Even so, some 
patients cannot tolerate the procedure. This method permits one to see clearly the 
action of both the descending and ascending aorta in young subjects. In oblique 
views, one can visualize the ventricles and auricles more clearly. 

33. Observations on the Intact Venous System. A. Schretzenmayr (Cologne) . 

The author uses a venous oncometer surrounding the vein which records the 
volume changes within it. These changes are in part passive and in part active. 
Various studies show that the latter plays an important role. 

34. Experiments to Locate Venous Thrombosis. A. Jager (Bonn). 

The author found that the following factors are contributory: (1) injury to 
the vessel wall and (2) changes in the blood flow and an increase in blood coagula- 
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ventricles into two equal, but in each ease different, muscle masses, without strict re- 
snird to anv anatomic boundaries. The line of transition for Lead I ran -almost 
vertically downward over the anterior surface of the heart and then curved around 
the apex to extend upward over the posterior surface, being situated on the left 
ventricle, near its right border in most of its course. The line- of transition for 
Lead III extended along the lateral borders of the heart except inferiorly where 
it curved over the anterior surface of the left ventricle and interventricular septum. 

Eotation of the heart on its long axis did not materially affect the location 
of these lines of transition with respect to the body. Their position on the heart 
was changed in proportion to the degree and direction of rotation. These results 
provide further evidence in support of the view that the duration and contour of 
the initial deflection of ventricular ectopic beats depend upon the location of the 
impulse initiation with reference to the hypothetical line of transition for a specific 
lead and so upon the general direction of the impulse spread in relation to the record- 
ing line of that lead. Tliese results further support the \’iew that the contour and 
duration of the initial complex obtained by stimulation of A-entricular sites do not 
depend wholly upon whether the Purkinje system of one ventricle is excited in ad- 
vance of that of the other. The level at which the stimulus is applied in reference 
to the long axis of the body plays but a negligible part in determining the type of 
complex produced. 

Author. 

Battro, A., and Quimo. N.: Electrocardiogram in Various Congenital Cardiac 

Abnormalities. Rev. argent, de cardiol. 2; .33.5, 1035. 

Electrocardiographic changes personally observed in twenty-one cases of con- 
genital heart diseases arc here reviewed. The general statement can be made that 
congenital cardiopathies have no specific electrocardiographic picture. As an excep- 
tion, in congenital pulmonic stenosis, the following peculiarities nmy be found quite 
often: abnormally high P-wave in one or more leads, marked right ventricular pre- 
ponderance, frequent inver-sion of T-waye in Leads II and III. About the same 
characteristics may be found in cases of combined congenital heart diseases, espe- 
cially in cases of pulmonic stenosis with interventricular communication. In both 
these conditions, there can be no right ventricular preponderance or even a left one 
may be found. 

In a case of dextrocardia with pulmonic stenosis the right ventricular preponder- 
ance was revealed by inverting the electrodes of the arms. 

The electrocardiographic findings in congenital heart disease may be summarized 
as follows: persistence of ductus arteriosus, interventricular communication and 
, Roger ^s disease, normal electrocardiogram, although eitlier right or left ventricular 
preponderance may be found in cases of persistent ductus arteriosus. In congenital 
aortic stenosis there is left ventricular preponderance. 

Aitthor. 

Weber, A.: Cooling and Rheumatism. Ztschr. f. Ivrei.slaufforsch. 28: 190, 1936. 

The author in this theoretical dissertation claims that arterio.spasms play the 
chief role in rheumatic affections, but it does not follow that cooling is tlie only 
factor precipitating the spasm. Hyperemia works well in rheumatic affection as long 
as no irreparable anatomical damage is present. The hyperemia can take the form 
of warm applications, massages, fever therapy, thyroid preparations, or CO. baths. 


L. Iv. 
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Schultz, Mark P.: Cardiovascular and Arthritic Lesions in Guinea-Pigs With 

Chronic Scurvy and Hemolytic Streptococcic Infections. Arch. Path 21- 

472, 1936. 

Chronic scurvy and chronic infection with hemolytic streptococci acting syner- 
gically may induce nonpurulent carditis in guinea pigs. Valvulitis with fibrinoid 
degeneration and an intense proliferative reaction constitutes the most prominent 
lesion. The changes only slightly resemble those seen in cases of rheumatic fever. 

For the production of such lesions chronic scurvy at least of mild degree (re- 
sulting from a restriction of the vitamin C intake to an equivalent of 6 c.c. of 
orange juice weekly) is requisite. 

Both spontaneous infection with hemolytic streptococci in guinea pigs and 
that induced in them by inoculation with a strain originally isolated from the lesions 
of animals with tliis disease are effective synergically in inducing carditis if their 
onset does not antedate the development of chronic scurvy, but they are ineffective in 
this respect if scurvy is induced after a certain degree of antistreptococcic immunity 
has been established. 

Chronic scurvy imcomplieated by infection induces proliferative lesions of minimal 
extent. 

In chronic scurvy of even mild degree there is extensive myositis of the intercostal 
muscles and of the muscles in the neighborhood of the knee joints. In more severe 
grades of chronic scurvy slight arthritic changes are demonstrable. These manifesta- 
tions are apparently unaffected by the presence of infection. 

Small localized areas of endocarditis and myocarditis were seen in about half of 
the control guinea pigs. There were lesions of similar character and distribution 
in scorbutic and -in infected animals, although in the latter they were slightly more 
extensive and eosinophiles were more frequently present. 

Slight aortitis was occasionally noted in all groups of guinea pigs examined. 
The lesions were apparently not affected by the presence of scurvy, infection, or a 
combination of the two processes. Author. 

Leiter, Louis; The Nonspecific Role of Pressor Substances in the Plasma of 

HsTiertensive Patients. Arch. Int. Med. 57: 729, 1936. 

In preliminaiy experiments the intrav'enous injection of heparinized plasma 
of human blood into unanesthetized dogs produced no significant changes in the 
mean blood pressure, directly recorded. No difference was observed between the 
effects of plasma from nonhypertensive persons and the effects of plasma from 
“malignant” hypertensive patients. 

The use of the rat as the test animal, to diminish the dilution of the injected 
plasma by the animal’s blood volume, made possible the demonstration of pressor 
effects from 51, or 44 per cent, of 117 heparinized plasmas. 

The distribution of pressor effects of the plasmas among the different clinical 
groups was independent of the type of hypertension or of the presence of hj-per- 
tension. 

Plasmas from 17 patients with “malignant” hypertension gave no higher 
incidence of pressor effects or greater rises in blood pressure than plasmas from 
100 other subjects, of whom S3 had various types of hypertension and 17 had mis- 
cellaneous nonhypertensive conditions. 

Plasmas from hypertensive patients did not increase the response of the blood 
pressure of the rat to minimal effective doses of epinephrine. 

As a result of tliis study and the related work of other investigators, it must 
be concluded that there is no satisfactory' evidence for the theory that “malignant” 
or “pale” hypertension (or, for that matter, any common form of clinical hyper- 
tension) is caused by the presence of pressor substances in the patient’s blood. 

AUTHOE. 
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THE USE OF CIRCULATORY MEASUREMENTS IN 
EVALUATING PUL]\IONARY AND CARDIAC FACTORS IN 
CHRONIC LUNG DISORDERS- 

B. S. Oppexiteimer, jM.D., and William M. Hitzig, M.D. 

New York, N. Y, 

introduction 

T he eliiiieiaii is not infrequently faced with the. problem of . dif- 
ferentiating' between pulmonary and cardiac insufficienc.y. The 
problem presents difficulties unless accessory means are. employed to 
evaluate the genesis of the symptoms presented by the patient. 

It is known that the symptoms of pulmonary insufficiency may closely 
resemble the cardinal symptoms of myocardial failure, i.e., cyanosis, 
exertional dyspnea, orthopnea, cough, and diminished vital capacity. 
The accentuated second pulmonic sound also may be a manifestation 
of either condition. The ]iarox>'smal nature of bronchial asthma often 
renders it indistinguishable from the asthma that attends left ven- 
tricular failure. Even greater confusion arises in those cases in which 
combined cardiac and pulmonary insufficiency contribute to the patho- 
genesis of the presenting symptoms. From a diagnostic, prognostic, 
and therapeutic standpoint, it therefore becomes important in these 
cases to evaluate the role of pulmonary and cardiac factors in the cardio- 
])ulmonary derangement. Y^heii the clinical picture is not due to pul- 
monarj' disease alone, it is also necessary to establish whether the heart 
failure is secondary to the pulmonary disorder or independent of it. 

Clinical methods have failed to give a clear picture of tlic altered 
circulatory d^mamics in chronic pulmonary disease. Because of its 
lesser circulatory obligations, the right heart possesses a large phys- 
iological factor of safety which enables it to cope adequately with 
extensive, disease of the pulmonary vascular bed. Isolated failure of 
the right side of the heart may nevertheless occur, and, when it does, ' 
this condition is frequently first suspected by the pathologist. Patho- 
logical studies, however, have also been unsatisfactory in elucidating 

'Fi'om the iMedicnl Services and Laboratories o£ the Mount Sinai Hospital. 
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the effect of chronic lung disorders on cardiovascular dynamics. For 
example, the finding of riglit ventricular hypertrophy and dilatation 
at the post-mortem table does not necessarily imply that the right 
heart has failed. It may simply mean that the right lieart has condi- 
tioned itself to tlm load thrown upon it by the increased pulmonary 
resistance, this mechanism being analogous to that in e,ssential lijqicr- 
tension in which hypertrophy and dilatation represent similar com- 
peiisatory adjustments of the left side of the heart to an increased 
s,ystemic resistance. The application of circulatory measurements has 
been a i-eal step forward in the attempt to understand the patliological 
physiology of the heart and circulation in emphysema and other chronic 
hmg disorders. Weiss and Blumgart* made pioneer observations in this 
field. These authors, employing the radiiim C method, and Tarr, 
Oppenheimer, and Sager,- using the decholin method of studying blood 
flow tlirough the lungs, obseiwed that in uncomplicated emphysema the 
rate of circulation through the lungs was Avithin the limits of normal. 

Because of these obseiwations this study was undertaken to note 
the effect of chronic pulmonary conditions upon the circulatory dynam- 
ics and to present relatively simple means of differentiating between 
cardiac and pulmonary insufficiency. Cardiac output determinations 
were not deemed feasible because such measurements not only require 
a complicated laboratory set-up, but they postulate normal gaseous ex- 
change, Gas analj'ses of arterial and venous blood, Avhieh are laborious 
l)roeedures, and vital capacity measurements were not employed in our 
observations because deviations from the normal would by themselves 
not have any significant differential value. 

Clinical Material. — One hundred and two patients with clinical and 
roentgenographic evidence of chronic pulmonary disease were observed. 
Of these, 54 cases of bronchogenic (obstimctive) emphysema and 16 eases 
of bronchial asthma Avero employed as the basis of this communication. 

METHODS 

A. The Initial Venous Presstire. — This Avas determined in an ante- 
cubital vein by the direct method of Taylor, Thomas, and Schleitcr,'"' 
modified by moistening the interior of the manometer Avith 10 jw]’ cent 
sodium citrate. 

B. Right Upper Abdominal Compression. — Historically, William 
Pasteur^ in 1885 seems to haAm been the first to describe swelling, Avilh 
or Avitbout pulsation, of the jugular Amin as the result of pressing 
upon the engorged liA’^er; he considered this a sign of tricuspid regiirgi- 
talion. Subsequently Po7rdot° obtained this phenomenon in a variety 
of circulatory disturbances AAffiich aa^c now regard as insufficicnej' of 
tbe right heart; he called it the hepatojugular reflux. Ple.sch*' noted the 
absence of this phenomenon in patients Avhosc right Amntrieles Avere .still 
capable of accommodation, and considered the presence of this sign 
to be of ominous significance. Because this maneuver appeared to be 
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an additional aid in studying the functional efficiency of the right 
ventricle. Fishberg and llitzig" emploj'c.d it in their observations on 
several hundred palicnls suffering from a variety of circulatory and 
noneireulalory conditions. In addition to observing clinically the filling 
of the cervical veins, they carried out objective measurements of the 
rise of the venous pressure in centimeters of blood during one minute 
of sustained right upper abdominal compression. This manometrie 
measurement has definite advantages over simple clinical observations 
as employed by the older clinicians for the following reasons : First, it 
is often difficult to judge on clinical grounds the presence of increased 
distention of the external jugular veins, unless there is manifest failure 
of the right side of the heart. Second, the clinical method of evaluating 
the distention of the cervical veins offers difficulties in patients whose 
external jugular veins are hidden by a thick panniculus or whose veins 
are excessively prominent or gaping either normally or as a result of 
phlebosclerosis or other degenerative changes. Third, it permits detec- 
tion of lesser grades of cervical distention, not grossly demonstrable, 
and also gives quantitative data for comparative observations. Fourth, 
it enables registration of a fall of the venous pressure — a phenomenon 
frequentl 3 ^ encountered in normal individuals. 


Table I 

Venous Pressure Determinations 



^ INITIAL VENOUS PRESSURE 
(CM. OF blood) 

VENOUS PRESSURE AFTER ONE 
MINUTE OF R.U.Q. CO.M- 
PRESSION 
(CJI. OP BLOOD) 

In healtli 

4-8 

No rise, or faU of % to 2 



cm. 

In latent or incipient riglit 



ventricular insufficiency 

4-S-lO 

1 to 5 cm. rise 

In franlc riglit heart failure 

Above 8-10 

5 to 20 cm. rise 


The first column of Table I shows the initial venous pressure measured 
in an anteeubital vein. In normal individuals the venous pressure 
ranges from 4 to 8 cm. of blood. By pressing over the right upper 
quadrant for a period of approximately one minute, the venous pressure 
level in the anteeubital vein of normal indhdduals either remains sta- 
tionaiy or eventuallj’- falls progTessively from 0.5 to 2 cm. provided they 
breathe as usual and do not tense their muscles. The delayed fall may 
be explained on the basis of a subsequently diminished venous return 
due to teraijorary compression of the inferior vena cava and portal 
system of veins. In incipient right heart failure, in which the initial 
venous pressure is either normal or slightly elevated to about 10 cm., 
a rise of 1 to 5 cm. may occur after one minute of right upper quadrant 
compression. In frank right heart failure in which the initial venous 
pressure is considerablj’- above 8 to 10 cm., a rise of 5 to 20 cm. above 
the original level of venous pressure may be obtained after right upper 
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quadrant compression. This maneuver is of clinical value since it dem- 
onstrates the inability of the right ventricle to take care of the temporary 
increase of the venous return. It is true that the filling of the cenneal 
veins may be discernible cliniealljq but these measurements serve to 
bring out slight disturbances in the functional capacity of the right 
heart even in the presence of a normal initial venous pressure. That 
this phenomenon is not merely a “liver” phenomenon, as was regarded 
by the older clinicians, may be proved by demonstrating similar rises 
in venous pressure in right lieart failure when the left lower quadrant 
is compressed. This indicates that this so-called liver stasis phenomenon 
depends primarily upon the elevation of intraabdominal pressure and 
the resulting increased venous return. 


NOSC. 

ETHEH. 

oo 



Fig. 1. 

C. CircuUtion Time.—l. Arm-to-lung time (ether). 

2. Arm-to-tongue time (saccharin or decholin). 

3. Lung-to-tongue time (saccharin time minus ether time). 

The circulation time from arm to lung is determined by intravenous 
bijeetion of 5 minims of ether mixed with 5 minims of normal saline. 
Normally this ranges between 3.5 and 8 sec.® The velocity of blood 
flow fi’om the arm to the tongue is detenninod by the intravenous injec- 
tion of saccharin (2,5 cm. in 2.5 c.c. of water) or of 3 to 5 c.c. of 20 
per cent solution of sodium dehydrocholate, called decholin." The arm- 
to-tongue time is normally from 9 to 16 sec.’® The lung-to-tongue time 
is determined indii’eelly by subtracting the ether time from the sac- 
charin time; tliis is normally between 4.5 and 10 sec. (sec Table IT and 
Pig. 1). 
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The arm-to-luiig time may be regarded as a rough measure of the 
ability of the right heart to maintain a normal velocity of Ijlood flow 
through its afferent and efferent vessels. Tlie lung-to-tongme time rep- 
resents a similar function of the left ventricle. Eetardalion of the rate 
of flow in the arm-to-lung or lung-to-tonguc segments is indicative of 
functional insufficiency of the corresponding chamber of the heart. 

Tabi.k II 


XOKMAti VALUES (SEC.) 

Arm-to-lung time (ether time) 3.5- 8 

Arm-to-tongue time (saccharin or decholin time) 9.0-16 

Lung-to-tongue time (saccharin time minus ether time) 4.5-10 


D. The Blood volume was determined by the Congo red method in 
twenty-one patients suffering from emphysema. As it was evident 
early in the investigation that tliese determinations offered little of 
value in differentiating pulmonary from myocardial insufficiency, those 
measurements were therefore abandoned in the remainder of the series. 

Circulatory Criteria for Determining the Functional Capacity of the 
Right Ventricle in Chronic Pulmonary Disease {Table III.) 

This study was undertaken to determine the presence or absence of 
circulatory disturbances in patients suffering from varying degrees of 


Table III 

Circulatory Criteria of Fuxctioxal Efficiency of Eight Ventricle 
IN Chronic Pulmonary Disease 


1 

1 

j NORMAL 

incipient isolated j 

RIGHT HE.\RT failure 

FRANK ISOLATED 
RIGHT HEART FiULURE 

Initial venous pressure 

wBEMm 

4.5-8 or 10 cm. 

Over 10 cm. 

R.U.Q. compression 


1-5 cm. rise 

5-20 cm. rise 

Arm-to-lung time 


Normal or slight + 

+ 

Lung-to-tongue time 

iMlW 

Normal 

Eelatively normal 


pulmonary insufficiency. Although chronic pulmonary disorders may 
cause hypertrophy of the right ventricle, the so-called eor pulmonale, 
the functional capacity of this chamber may not be impaired, and the 
patient .suffers from symptoms of isolated pulmonary insufficiency. In 
these patients, the functional efficieney of the right ventricle is indicated 
by the presence of the following : 

A. A normal venous pressure. 

B. The absence of a rise of venous pre.ssure on right upper quadrant 
pressure. 

. G. A normal ether time. 

In cases, however, in which tlie peripheral resistance of the lungs is 
either of long standing or of high grade, slight impairment of the func- 
tional efficiency of the riglit ventricle may be detected by employing two 
criteria; — 
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A, A rise in the venous pressure on right upper quadrant compression 
in spite of the xjrcscnee of a normal or a slightly elevated initial 
venous pressure. 

B. A normal or slightly prolonged ether time. 

"When the functional capacity of the right ventricle is grossly im- 
paired, due to extreme reduction of the iDatencj^ of the pulmonary 
vascular bed or extreme fatigue of the right ventricular myocardium, 
a circulatory disturbance which may be regarded as isolated failure of 
the right heart may be produced. It is noteworthy that in these pa- 
tients, although there is systemic congestion, there is no congestion in 
the lungs, the latter condition being characteristically found in dis- 
turbances associated with failure of the left side of the heart. The 
circulatory criteria for frank heart failure of the right ventricle are: 

A. Elevated initial venous pressure. 

B. I\Iarked rise on right upper quadrant pressure. 

C. Prolongation of the ether time except in rare instances. 

D. A normal or relati^'ely normal lung-to-tongue time, the most char- 
acteristic finding of isolated right heart failure in contradistinc- 
tion to right heart failure that follows insufficiency of the left 
side of the heart. 

Einphysema . — With these criteria in mind, fifty-four cases of bron- 
chogenic (or so-called obstructive) emphysema were studied. On the 
bases of clinical features and circulatory measurements, these cases were 
divided into two distinct groups (Table IV). 

1. The first group, which consisted of twenty -five patients, presented 
no circulatory disturbances. The venous pressure, both initial and after 
right upper quadrant compression, was normal. The arm-to-litng 
and the arm-to-tongue times were within normal limits. In addition to 
the presence of right ventricular hypertrophy demonstrated by x-ray 
examination and the electrocardiogram, there were also cardiovascular 
complications in thirteen patients of the series. An important finding 
in this group is the definite absence of a high venous pressure. In five 
patients of our scries, subnormal venous pressures were actually ob- 
tained. In a few cases, showing a marked degree of cyanosis and poly- 
cythemia, fast normal circulation times were obtained. This is a sig- 
nificant observation in agreement with the work of Cloetta.® 

2. The second large group consisted of cases in which pulmonary and 
mjmeardial insufficienc}’- coexisted. These cases were subdivided into 
four groups. The first two groups included cases in which the myo- 
cardial insufficiency was secondary to disease of the lung, whereas in 
the last two groups the heart failure was an incidental complication 
probably resulting from disease of the left side of the heart. In these 
latter two groups, when the right heart also failed (incipient or frank 
failure), it was probably on the basis of marked hypertension of both 
arms of the pulmonary circuit, due to the combined influence of pul- 
monarj'^ disease and left ventricular insufficiency. 
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A. Incipient failure of the right heart was observed in four cases. 
Although these patients presented many of the symptoms and signs of 
circulatory failure such as cyanosis, orthopnea, and dy.spnea, the circu- 
latory measurements were not .sigJiificantly disturbed. The only con- 
sistent abnormality was the presence of a rise of the normal initial 
venous pressure after right upper quadrant compression. In one case 
out of the four, there was also retardation of the arm-to-lung time. 
(Otherwise the blood velocity studies wci'C within normal limits. These 
findings indicate that, although there may be a marked reduction in 
the cardiac reserve as manifested by the right upper quadrant compres- 
sion, the other circulatoiTk- measurements (venous pressure and circula- 
tion times) may be maintained within the normal range. 

B. Frank isolated right heart failure was observed in seven patients. 
In all of these patients many of the characteristic clinical features of 
right heart failure, such as venous engorgement, enlargement of the 
liver, cyanosis, ascites, and peripheral edema, were observed. The 
initial venous pre.ssure was elevated in all eases. On right upper 
quadrant compression the l)lood column in the manometer rose from 
5 to about 15 cm. above the initial venous pressure level. The arm-to- 
lung and arm-to-tonguc times wei’e prolonged. The lung-to-tongue time, 
however, fell within the normal range, indicating that slowing of the 
blood flow was predominantly in the segment between arm and lung. 
The normal lung-to-tongue time in the presence of a higli initial venous 
])ressure and a prolonged ether time appeared to bo pathognomonic of 
isolated failure of the right heart secondary to emphysema.^' This find- 
ing is consistent with the absence of pulmonary venous congestion and 
is indicative of a normal or a relatively better functioning left ventricle. 
Altho\igh there was prolongation of the arm-to-tongue time, there ap- 
l)earod to be no ])ai’allelism between the degree of slowing of tlie blood 
flow through the lung and the severity of the clinical symptoms, an 
observation which has previously been made by Blumgart. The symp- 
toms in these patients ai’c probably on a twofold basis; (1) primary 
disease of the lung.t i.c., piilmonary insufficiency which is the predomi- 
nant factor, and (2) the slowing of the blood flow through the right 
heart unit. It is also of intere.st that in this group fo\ir of the seven 
patients died. In some of these cases death was attributed to right heart 

*U liii.'? bf'on sujjKested that tlie large .amount of i-e.siflual air in eninhy.'scnia cau.se.s 
an artlRcial delay in the pa.‘!.«age of ether from tlie pulmonary e.apillarie.^ to the 
no.xc which may re.ally account for the norma! or I'elatively normal lung-to-tongue 
time, TIio latter, which ropre.sents the difference between the .saccharin and the 
ether lime.'^. is thorefoi'o .‘shortened erroneously. This criticism may he refuted hv 
Uie foilowing ohservations. Vir-st, ca.ses of advanced emphy.scma. not complicitted 
hy right heart failure, yielded normal arm-to-lung time.s. de.splte the undoubted 
pvo.'iencv of excessive residual air. Second, in severai inst.ance.'s of .severe broncliial 
astlin;a. in which a high re.-^iduai air capacity wa-s undoubtediy pre.sent. the arm- 
to-lung time wa.'^ normal and almost identical in tlie acute attack and in tlio a.stlima- 
frcc interval. 

thunder iuinmr>- di.sease of tlie lung are included Uie secondary effect.s of the 
pnimonurj' disorder upon ttie patency of its va.scuUir bed, the elasticity of the lung, 
and 1110 intrujileural pressure. Tiiat the resulting decreased neg.ativity of tlie norm.'il 
intrapleural pressure play.' a rOIe in the production of .some of tlie plienomena In 
PuImotuuT emphysema i\as been suggested bv tiic original work of Kountz, Alexander 
uid Dowell.” 
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failure. At, post-mortem examination, however, acute broncliopnlmonary 
complications were foimd. In view of only slight slowing of the circu- 
lation time through the pulmonary pathway in these patients, it appears 
more likely that death was caused bj* acute increase of the ijulmonary 
insufficieney when the acute bronchopulmonary complication was added 
to the original condition. 

C. Left heart failure with or without incipient right heart failure 
was observed in fourteen patients. In tins group unrelated cardio- 
vascular complications were present in twelve cases and lacking in the 
remaining two. This finding was probably incidental, inasmuch as 
many of these patients with emphysema are in the age group where 
degenerative diseases of the cardiovascular system are prevalent. This 
classification of the cases with left heart failure was based on the ob- 
servation of Hitzig, King, and Pishberg” in isolated failure of the left 
ventricle, who found that the. venous pressure was normal, that the 
ether (arm-to-lung) time was usually normal but might be slightly 
retarded, and that the saccharin (arm-to-tongue) time was usually pro- 
longed. The initial venous pressure in this group was subnormal in two 
patients, and within the normal range in twelve patients. On right 
upper quadrant compression, the venous pressure level remained station- 
ary ill three patients and rose in ten patients. The arm-to-lung time 
was normal in nine patients and slightly prolonged in five. The arm- 
todongue time was considerably prolonged in all these patients. The 
outstanding circulatory disturbance in this group was the presence of 
consistent x^i’olongation of the lung-to-tongue time. This disturbance 
was undoubtedly on the basis of left ventricular insufficiency and un- 
related to the primary pulmonaiy disease. 

D. Universal heart failure was observed in four patients. All four 
patients were severely incapacitated. Cardiovascular complications were 
-present m all. The circulatory disturbance probably began with in- 
sufficiency of the left ventricle, which, by adding to the burden of an 
already overstrained right ventricle due to pulmonary disease, led to 
universal failure of the heart. The initial venous pressure was high 
in all cases. Right upper quadrant compression caused an enomrous rise 
of the venous pressure level. The arm-to-lung, arm-to-tongue, and 
lung-to-tongue times were all prolonged. Although the slowing of the 
'blood velocity through the lungs was far greater in this and the pre- 
vious group than in the group with pure right heart failure, the 
severity of the clinical s^'mptoms, appeared to be no greater in these 
two; groups than in eases due to pure right heart failure (group B). 

To summarize the results of eirculatoiy mea-surements in this group 
of patients with cm])hysema, it may be said that, although the right 
ventricle hypertrophied and dilated in response to the increased work 
which confronted it in pulmonaiy emphysema, the circulatory measure- 
ments were not prolonged in twenty-five of the fifty-four patients 
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studied. This is in line 'svith observations of Kountz, Alexander, and 
I’riiizinelal,’" who concluded that the heart is affeeled in tlie majority of 
patients with c'nipliysema, and that the cardiac lesion, hypertrophy and 
dilatation of the right ventricle, may produce symptoms, but probably 
lias no clinical reliection in its earlier stages. Tills work-hypertrophy 
of the right ventricle may be regarded as the compensated phase of 
the so-called cor pulmonale. "When the work demanded of the right 
heart exceeds its functional capacity, failure supervenes and gives rise 
to the so-called decompensated phase of the cor pulmonale. This dis- 
turbance was observed in eleven patients of our series. According to 
the degTce of failure and circulatory measurements, we designated four 
as suffering from 'incipient isolated failure of the right heart, and seven 
from frank isolated failure of the right heart. In eighteen of the 
patients, Avho also suffered from combined myocardial and pulmonar}' 
insufficiency, the circulatory disturbance probably originated in a major- 
ily of instances as a result of unrelated cardiovascular complications 
which caused cither insufficiency of the left ventricle or universal failure. 

Bronchial Asthma {Table V ). — Sixteen patients suffering from bron- 
chial asthma were studied. In aU of these patients, emphysema of mod- 
erate or marked degree was also present. The circulatory measurements 
were carried out in all cases during an asthmatic seizure. In twelve 
of the patients venous pressiire determinations were normal; circula- 
tion times, however, were either fast normal or average nomal. In one 
of fhese twelve eases the arm-to-tongue time was even faster than nor- 


Table V 

CiRCUEATORY MEASUREMENTS IN ASTHMATIC SEIZURES OF BRONCHIAL ORIGIN 

(Infectious and Allergic Asthma) 


CASE 

initial 

VENOUS 

pressure 
(cm. OP blood) 

RISE AFTER ' 
R.U.Q. COM- 
PRESSION 
(CM. OF blood) 


arm-to- 

tongue 

TIME 

(SEC.) 

LUNG-TO- 

TONGUE 

TIME 

(SEC.) 

■ESHl 

4 to 8 


4 to 7 

8 to 14 

4 to 8.25 


3.5 


5 

7.2 

2.2 


7.5 


8 

12.0 

4.0 


5.5 


4 

12.0 

8.0 


S.O 

2.00 

7 

15.0 

8.0 


15.5 

7.50 

12 

20.0 

8.0 


•Cases showing incipient right heart failure. 
tOnly case showing frank right heart failure. 


Circulatory MrASUEEiiUNTS in Asth.matic Seizures of Cardiac Origin 
(LE ra Ventricular Insufficiency) 


initial 
VTSNOUS 
PRESSURE 
(CM. OF BIUOD) 

rise AITER ! 
R.U.Q. COM- 
PRESSION 
(CM. OF BIXIOD) 

ARM-TO- 

LUNG 

TIME 

(SEC.) 

ARM-TO- 

TONGUE 

TIME 

(SEC.) 

LUNG-TO- 

TONGUB 

TIME 

(SEC.) 

0 

1 

54 


14i 

8 

G 

6 


22 

7 

4 

8 


17 

10 

5 

9 

21 

12 

7 

3 

7 

1 24J 

174 
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mal. In this ease when the eirenlatory measurements were repeated two 
da.ys after tlic asthmatie attaek had sii])sided, tlic results were practically 
identical with those obtained during the asthmatic seizure. In two other 
Cases, however, tive circulation time was faster during- the attack of 
asthma, than in. the asthma-free interval. Two of these twelve patients 
died a few days after the normal measurements were obtained; their 
deaths were apparently due to severe i^ulmonary insufficiency rather 
than to heart failure. The necropsy revealed in one case acute suppura- 
tive hronehopneumonia, acute putrid and ulcerative bronchitis and 
cylindrical bronchiectases, and in the second case in which a condition 
of status asthmaticus prevailed until death, mucous plugs were found 
occluding all bronchi. Of the remaining four cases, three showed evi- 
dence of incipient right heart failure as determined by right upper 
quadrant compression, and the fourth presented the circulatory dynam- 
ics of franlv isolated right heart failure, this patient dying two days 
after the measurements were taken. 

Garduic Asthma . — The dyspneie states which frequentlj^ accompany 
chronic bronchopulmonary disease, but particularly bronchial asthma, 
may closelj’- simulate attacks of cardiac asthma. Although it is well 
lalo^vn that paroxysms of wheezing dyspnea in bronchial asthma are 
primarily due to pulmonarj’- disease with the heart participating only 
' secondarily, because of the increased pulmonary resistance, one often 
finds it difficult to differentiate these paroxysms from true cardiac 
asthma in which a patholog-ical process originates in the left side of the 
heart and involves the lung only secondarily. In spite of the fact that 
clinical differentiation may frequently be made on the basis of dispro- 
portionate cyanosis, secondary polyc.ythemia, the presence of clubbed 
fingers, a , history of allergy and chronic cough, x-ray and electrocardio- 
graphic evidence of right ventricular preponderance, this differentiation 
is not always possible. In such patients, circulatory measurements may 
be invoked as an aid in the differential diagnosis. This is best exempli- 
fied in an analysis of the results obtained in five cases of cardiac asthma, 
secondary to hypertensive and arteriosclerotic disease of the heart, and 
also by a comparison of these results with those obtained in bronchial 
asthma (Table V). The venous pressures were normal in four patients 
and slightly elevated (to 10 cm.) in the fifth patient. In all patients 
there was a rise of the venous pressure level of 1 to 6 cm. on right 
upper, quadrant compression. The arm-to-lung time was normal in 
four, and only slightly prolonged in the fifth case. The arra-to-toiigue 
time, and the lung-to-tongue time were considerably prolonged in all 
patients. The chief difference between the asthma of bronchogenic 
and that of cardiac origin is that in the former the circulatory measure- 
ments are practically normal, while in the latter there is a consistent rise 
of venous pressure on right upper quadrant compression and a slowing 
of the circulation through the lungs exhibited particularly by significant 
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prolongation of the lung-to-tonguc time. However, an occasional case 
of bronchial asthma associated with heart failure jnny be obsera-ed as 
is demonstrated in one ease (Case 16) in which there was a high 
initial venous pressure and a rise of venous pressure on right upper 
quadrant compression. Although the arm-to-lung time was prolonged 
to 12 seconds, the lung-to-tongue lime uliieh was within the normal 
range, served to differentiate it from true cardiac asthma of left 
ventricular origin. . 

Pneumoconiosis, Silicosis and Pulmonary Fibrosis . — Circulatory meas- 
urements were also carried out in three eases of pneumoconiosis, in one 
ease of severe interstitial fibrosis of both lungs, and in one case of 
markedly advanced pulmonary silicosis. One may summarize the re- 
sults by stating that no abnormalities in the circulatoiy dynamics were 
recorded in these five eases. 


COAIjMEXT 

The fundamental disturbances in chronic pulmonary disease of the 
tAT)e described in this paper are of twofold nature. One is the altered 
IDi’operty of the alveolar walls which interferes with adequate aeration 
of blood in its passage through the lungs and g■i^'es rise to anoxemia. 
The other is the mechanical reduction in the patency of the pulmonary 
vascular bed. This latter condition heightens the pulmonary peripheral 
resistance and leads to a eirculatoi-y eondi1io]i known as hypertension 
of the pulmonary circuit, which has been popularized by tlie writings 
of Mosehcow’itz.^® As we shall see later, both of these factors, namely the 
anoxemia and the pulmonary peripheral resistance, probably ])lay im- 
portant roles in the genesis of failure of the right heait in chi'onie pul- 
monary disease. Although there is considerable experimental evidence 
which indicates that the right heart, under ordinary conditions, possesses 
a large physiological factor of safety, yet instances of isolated failure 
of the right heart in chronic lung disorders are not infrcfiuently ob- 
seiwed. What factors operate in chronic pulmonary disease to cause 
fatigue and failure of the right ventricle? 

The 1 ‘ight ventricle performs woi'k in transporting blood through the 
pulmonary channels to the loft side of the heart. The amount of work 
performed by the right ventricle is determined by the volume of blood 
it has to pi’opel (venous return) and the pulmonary resistance against 
which its venous load is ejected. As has been shown Jy Cloetta,'’ the 
degree of distention of tlie lungs also determines in a great measure 
whether the pulmonary vascular resistance is decreased or augmented. 
Unless a teleological explanation could be substituted, it is pi'obable that 
the rapid circnlaiion times in some eases of asthma with emphysema 
actually result from a reduction in the resistance to blood flow through 
the lungs. In the majority of instances of emphysema, however, the 
pulmonary vascular resistance becomes augmented, and the work done 
by the right ventricular chamber is consequently proi)ortionalely in- 
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creased. As a conseciuence, even in the early stages of chronic pul- 
monary diseasCj the heart may hypertrophy (and even dilate) as a 
physiological response to increased ■work. This work-hypertrophy of the 
right heart, designated in the literature as cor pulmonale, enables it to 
cope adequately with the increased work which confronts it. The cir- 
culation through the lungs is thereby maintained at a normal or fast 
normal speed, and the organism suffers solely from the effects of the 
primary pulmonary disease and the associated anoxemia. 

Recent acute exiieriments by Pineberg and Wiggers^^ have established 
a definite relationship between reduction of the functional capacity of 
the right ventricle and the degree of narrowing of the pulmonary 
vascular bed. It appears that considerable reduction of the pulmonary 
vascular bed is necessary before the blood supply to the left side of the 
heart suffers and arterial pressures decrease. Tigerstedt^-’’ quotes earlier 
exiieriments which indicate that between one-half and two-thirds of the 
pulmonary branches can be ligated in animals before significant reduc- 
tion in the mean arterial pressure takes place. Haggart and Walker, 
and Gibbon, Hopkinson and ChurchilP' found that the lumen of the 
pulmonary artery could be reduced approximately 60 per cent without 
reducing the arterial pressure. Recently Pineberg and Wiggers^"* 
studied the reactions of the right ventricle to graded compression of the 
pulmonary artery with the aid of optical manometers. By simultaneous 
registration of right intraventricular and aortic pressures, these authors 
observed the compensatory reactions of the right ventricle and were able 
to detect early impairment of left ventricular output wlien the pul- 
monary artery was compressed about 58 per cent. 

Although sudden drastic reduction in the patency of the pulmonary 
vascular bed may occur clinically, as for example in massive pulmonary 
embolization, and give i-ise to rapid fatigue and progressive failure of 
the right ventricle, this condition docs not appear to be identical with 
the circulatory derangement that follows long-standing chronic pul- 
monary disease. In the latter condition right heart failure is probably 
a gradual summation effect of (a) mechanical overwork and (b) (pianti- 
tative and qualitative alteration of coronary blood flow. As has been 
previously pointed out, the long-standing progrc.ssively increa.sing pul- 
monary resistance leads to a work-hypertrophy of the right ventricle. 
To maintain its nutrition this progressively enlarging myocardial mass 
requires a corresponding increase in its blood supply. The coronary 
circulation is relatively insufficient, quantitatively because of the un- 
changing and later even diminishing aortic pressures, and qualitatively 
because of the anoxemia. These factors lead to relative ischemia or 
>nnoxemia of the hypertrophying right ventricular myocardium, which 
in the presence of continued overwork of the right ventricle must 
eventuallv lead to its nutritional impairment and to consequent diminu- 
tion, of its functional capacity. It is highly improbable that in these 



270 


THE A:\rERICAN' HEART JOURNAL 


clu’onic pulmonary eases, the reduction in the patency of the pulmonary 
vascular bed ever approaches the critical value that was obtained in 
the above mentioned acute experiments. 

SUMMARY 

1. Circulatory measurements were employed in tlie study of pulmo- 
nary and myocardial insulfieiencj’ in chronic lung disease. The measure- 
ments employed were initial venous pressure, the rise of venous pressure 
during right upper abdominal quadrant compression, the arm-to-lung 
time (ether), the arm-to-tongue time (saccharin or decholin), and the 
lung-to-tonguc time (saccharin time minus ether time). 

2. Uncomplicated pulmonary insufficiency, as is commonly observed 
in emphysema, is usually attended by normal circidatoiy measurements, 
even when associated with right ventricular enlargement. 

3. The presence of abnormal cix’culatory measurements indicates that 
pulmonary insufficiency is complicated by myocardial failure. 

4. The myocardial failure accompanying pulmonary insufficiency is 
due pi'imarily either to disease of the lungs giving rise to incipient or 
frank isolated right heart failure, or to unrelated coexisting cardio- 
vascular disorders which result in cither left ventricular or universal 
heart failure. 

5. Incipient isolated right heart failure is characterized by the pres- 
ence of a normal initial venous pressure, and a vaiying rise in this pres- 
sure during right upper quadrant compression. The arm-to-lung time 
may or may not be prolonged, and the lung-to-tongue time is normal. 

6. Frank isolated right heart failure is characterized by high initial 
venous pressure, considerable rise on right upper quadrant compression, 
prolongation of the arm-to-lung time and a relatively ixormal lung-to- 
tongue time. This indicates that the slowing of the blood flow is confined 
to the right heart unit, that is, to the segment between the peripheral 
veins and the pulmonary arterial capillaries. 

7. Left heart failure, which may occur as an incidental complication 
of pulmonary insufficiency, is characterized by normal initial venous 
pressure with or without a rise on right upper quadrant compression, a 
normal or slightly prolonged arm-to-lung time, and a considerably pro- 
longed lung-to-tongue time. This indicates that the slowing of the 
blood flow is largely limited to the left heart unit, that is, to the segment 
between tlie pulmonary venous capillaries and the capillaries of the 
tongue. 

8. Universal heart failure, secondary to disease of the left side of the 
heart and possibly also 1,o coexisting pulmonary disease, is characterized 
by high initial venous pressure, with a considerable rise in right upi)er 
quadrant, compression, prolongation of the ai'm-to-lnng time and of the 
lung-to-tonguc time. 
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9. Bionehial asthma with a few excexitions is characterized by normal 
initial venous pressure, absence of a rise of right uiiper quadrant pres- 
sure, normal or fast normal circulation times, 

10. Cardiac asthma is differentiated from bronchial asthma by the 
presence of abnormal circulatory measurements, notably by the rise of 
venous pressure on right upper quadrant compression and bj' the pro- 
longation of the lung-to-tongue time. 

11. That incipient right heart failure also frequently accompanies 
left ventricular failure may be demonstrated by the method of compress- 
ing tlie right upper quadrant of the abdomen and observing the j^res- 
enee of a i‘ise in the normal initial venous pressure level. 

12. In chronic bronchopulmonary disease there is apparently no 
parallelism between the severity of the clinical symptoms and the slow- 
ing of the pulmonary blood flow. Even in those patients who, in addi- 
tion, present the picture of isolated right heart failure, the clinical symp- 
toms appear out of proportion to the degree of retardation of the 
circulation through the lungs. 
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TRANSIENT AURICULAR. FIBRILLATION AS A TOXIC 
MANIFESTATION OF DIGITALIS® 

.C. L. Tung, M.D. 

Peiping, China 

W HILE anrieiilar fibrillation is a common finding in patients with 
cardiac disease and failure and while digitalis is considered a 
sheet-anchor in the treatment of such patients, it is uncertain whether 
or not digitalis in therapeutic doses may bring about auricular fibril- 
lation in patients whose cardiac mechanism was previously normal, A 
revieiv of the literature reveals that there is no consensus of opinion 
in this regard and that most authorities do not consider that digitalis 
may' produce auricular fibrillation. Cu.shny^ stated: "Auricular fibril- 
lation is said to have occurred under digitalis in eases of previously 
regular rhythm ; in most, perhaps in all, of these cases, careful exami- 
nation shoAvs that the regular ventricular rhythm is accompanied by 
auricular flutter; it is not certain that auricular fibrillation is induced 
by digitalis unless flutter is present before the treatment is initiated.” 
The same author, nevertheless, did produce auricular fibrillation in 
mammals in the third stage of digitalis action after very large quan- 
tities of this drug were injected. Cowan and Ritchie- and Lewis^ in 
their recent textbooks on heart disease did not mention the possibility 
that digitalis ma}'' produce auricular fibi'illation in patients. Robinson"* 
studied a ease of paroxysmal auricular fibrillation but Avas unable to 
draAV any definite conclusion as to the influence of the drug on the 
persistence of the fibrillation. Lutem'^ in his clinical studies of digitalis 
did not encounter auricular fibrillation as a toxic manifestation from 
his masshm doses of digitalis. In a report on transient and recurrent 
auricular fibrillation, Patterson® Avas unable to show that digitalis Acas 
the cause of auricular fibrillation in any of his cases. Cookson’' and 
Friedlander and LeAune® studied the etiology of auricular fibrillation 
but did not mention the possibility of its precipitation by digitalis. 

■ On the other hand, that digitalis may be responsible for attacks of 
auricular fibrillation has been suspected by a number of ob.servers. As 
early as 1910, Mackenzie” described a, case in a Avoman AA’ith rheumatic 
heart disease in Avhom auricular fibrillation appeared Avith sIoav ven- 
tricular rate at the height of digitalis effect and disappeared four day.s 
after the drug Avas discontinued. DanielopoliP” reported three cases 
in Avhich auricular fibrillation followed the administration of digitalis, 
in each instance the onset of fibrillation occurring eoineidently Avilh 
the maximum digitalis efieet. Neuhoff** reported a boy Avith rheu- 

*From the Department of Medicine. Peiping Union Medical CoUege, Pciping. Cliina. 
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iiiatic liGcii.t clisGcisG, in wlioiii tiuricular fibrillation repeatedly appeared 
at tlie heiglit of the elieet of digitalis ; when the drug was discontinued, 
fibrillation stopped at the end of a day or so. Reid^- reported two 
cases, one of hypertensive and the oilier of syphilitic heart disease, in 
which partial heart-block and tlieu auricular fibrillation developed 
after large doses of digitalis. Resnik^-’ was perhaps the first who 
showed definitely that transient auricular fibrillation may follow digi- 
talis therapy. He reported seven patients, five of whom had syphilitic 
heart disease, in wlioin digitalization produced auricular fibrillation; 
in all of these the abnormal rhythm disappeared in from one to six 
days after the discontinuance of the drug. Resnik advanced the fol- 
lowing criteria as the basis for pulging whether a causal relationship 
exists between the onset of auricular fibrillation and digitalis therapy; 

1. Absence of history of previous attacks of auricular fibrillation. 

2. RTorinal rhythm before administration of digitalis. 

3. Appearance of auricular fibrillation after a dose of digitalis shown 
by clinical and elect rocardiogi-aphic evidence to be an effective amount. 

4. Persistence of abnormal rhythm as long as digitalis is continued 
in doses sufficiently large to compen.sate for the elimination of the drug. 

0. Reestablishment of normal rhythm after discontinuance of digitalis. 

6. Confirmation of the changes in rhythm by means of electrocardio- 
grapliie records. 

7. Exclusion of other factors which tend to bring on transient au- 
ricular fibrillation. 

Schwartz and his associates^"* reported on three occasions a total of 
five cases in children Avith rheumatic heart disease and lieart failure 
in whom transient auricular fibrillation together with other evidences 
of digitalis effect in electrocardiograms occurred when digitalis Avas 
administei’ed in excessive doses. "White*'’ stated that, if gir'en in ex- 
ce.ssh'e dosage, digitalis ma.y produce auricular fibrillation. IMclMillan 
and Bellet*** reported tAvo cases of h.vpertensive cardiovascular disease 
in AAdiich auricular flutter Avas apparent 1,a' produced b,y large doses of 
digitalis. In one of these cases, ventricular tachycardia set in after 
the onset of auricular flutter, and death soon folloAA'ed. McEachern 
and Baker*' in a .study of the etiological factors of auricular fibrilla- 
tion expressed the belief that in certain instances this ihjthm is pro- 
duced by excessive doses of digitalis. Their study included the five 
cases 2^reAdously retrorted by Resnik and four additional cases, all in 
patients AAuth .syphilitic heart disease. They also referred to a personal 
communication from Brains and Gaberman, AAdio studied tlie effect of 
large doses of digitalis on the electrocardiogra'm in nine subjects AAdth- 
out heart disease and encountered transient auricular fibrillation in 
one instance (this Aims not mentioned in the article by Brains and 
Gaberman*®). 
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The author has been impressed by the appearance of auricular fibril- 
lation in patients with heart disease in association with full or excessive 
digitalization and by its disappearance in these cases on the withdrawal 
of the drug. In every one of the following 15 eases, all the criteria 
laid down by Eesnik to establish the relationship between the onset 
of auricular fibrillation and digitalis therapy are met, with the excep- 
tion of the fourth point, which has been neglected, since it seems un- 
justifiable to continue digitalis further when auricular fibrillation with 
slow ventricular rate and freciuent ventricular extrasystoles make their 
appearance. Several cases have been excluded because the relations 
wei’e not sufficiently clear, or because no electrocardiogram was secured 
during the attack of abnormal rhjdhm. 

The digitalis used was of standard potency. Assayed on two series 
of eats on two occasions b}”^ Dr. C. Li, of the Department of Pharma- 
cology,* it gave a potency of approximately 120 per cent in terms of 
eat units. The apparent lethal doses per kilogram of eat were respec- 
tively 0.083 ± 0.0028 gm. and 0.081 ± 0.0012 gm. 

CASE REPORTS 

Case 1. — Chinese housewife, aged twenty-seven years, was admitted to tlie 
hospital April 27, 11)23, for sjaiiptoms of congestive heart failure of forty days’ 
duration. Examination revealed cardiac enlargement, mitral stenosis, and congestive 
heart failure. The cardiac rhythm was regular. The patient was given 1.5 grams 
of digitalis in two days. On April 30, when the clinical condition improved, the 
heart rh 3 Thm became entirety irregular, and an electrocardiogram revealed auricular 
fibrillation, fiat T-wave in Lead I, inverted T-wave in Leads II and III, and an ir- 
regular ventricular rate of about 70 per minute. Digitalis was discontinued. On 
Maj' 2 an electrocardiogram showed .sino-auricular rlnuhin, P-R interval 0.24 sec., 
diphasic T, and inverted T,. On July 5 examination revealed normal mechanism, 
P-R interval 0.20 sec., and upright T-wavc in all leads. 

In a patient with rheumatic heart disease, cardiac enlargement, mitral stenosis, 
and cardiac insufficiencj', auricular fibrillation followed the exhibition of digitalis 
which produced definite clinical and electrocardiographic effects. Both auricular 
fibrillation and T-wave inversion disappeared on withholding the drug. 

Case 2. — A Chinese male, aged forlj'-four years, was admitted on three occasion.s 
in 1924 and 1925 for congestive heart failure. Blood pressure varied from 194 s^'s- 
tolie and 14S diastolic to 224 systolic and 158 diastolic. Cardiac rhj'tlim wa.s regu- 
lar on the first and at the beginning of second admission on Jiin. 12, 1923, when 
the patient was given 1.7 gnn. of digitalis folia in twentj'-four hours. On .Tanuarj' 
14 he developed auricular fibrillation, with alternating ventricular premature beats, 
and nausea and vomiting. Digitalis was discontinued on .Tanuarj' 14. The electro- 
cardiogram on January 20 7 -evcalcd normal mechanism, with frequent ventricular 
e.xtrasj’stoles. Six additional records showed no return of the circus mechanism. 

The administration of 1.7 gm. digitalis in twenty-four hours to a patient with 
hj’pertensive cardiovascular disease and cardiac failure caused the appearance of 
auricular fibrillation, with bigeminal ventricular exlrasj'stoles. The circus rhythm 
reverted to a sinus rlnJhm sLx daj's after the discontinuance of digitali.s, 

*The auttior wishes to acknowledge his indebtedness to T)r. Li for his Idnd lieip. 
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^ Case o.— A Clunese militar}- officer, aged fiftj'-two years, was first admitted 
March 1, 1923, for moderate congestive heart failure of short duration. He was 
found to hare sj-philis witli aortitis and frank aortic insufficiency. The blood 
Wasscrmann reaction was strongly positive. Bix further admissions took place. 

The cardiac mechanism as revealed by repeated electrocardiograms was normal. 
There was a moderate left axis deviation. 

On his last admission, July 13, 1925, owing to his critical condition, large doses 
of digitalis were given. On the day of admission he received 0.6 gm. of digitalis. 
The electrocardiogram the next day showed normal mechanism. Digitalis was con- 
tinued until July 21, Avhen a total of 2.1 gm. was taken in nine days. On that date 
the electrocardiogram revealed auricular fibrillation, inverted T in Lead I, and low T 
in Lead II. Digitalis was discontinued on July 23. The electrocardiogi'am taken 
July 24 still showed auricular fibrillation, while records on July 27 and August 3 
showed sino-auricular rlij-thm with prolonged P-ll interval. 

In this patient with S 3 'philis of the cardiovascular sj'steni the development of 
auricular fibrillation was apparenth- related to digitalis, and reduction in its dosage 
was followed bj' reversion to sino-auricular rhythm. The T-wave change and the 
prolonged auriculoventricular conduction after reversion to sino-auricular rhj’thm 
also indicate the effect of digitalis. 


Case 4. — A Chinese man, sixt,y-four years old, was admitted on Feb. 2(5, 1930, 
to the Surgical Service for regurgitation of food for eight months. The findings 
were essentially normal except for signs pointing to carcinoma of esophagus. The 
heart was normal; rlijilim, regular; blood pressure, normal. There was no venous 
engorgement. The patient was first operated upon on March 14. On klarch IS 
atelectasis of the left lung was noted, and the heart and the trachea were displaced 
to the left. The general condition was fair, but the respiratory rate increased to 
about 23 per minute. "With a view to strengthening a displaced heart before the 
contemplated, second operation, which was for excision of the epithelioma, three intra- 
muscular injections of 3 c.c. each of digipuratum at three-hour intervals were given 
on March 18, and 0.1 gm. of digitalis folia by mouth every day from March 19. 
On March 19, Avhen the equivalent of 1 gm. had been given, auricular fibrillation 
and occasional ventricular extrasj'stoles appeared. On March 21, when patient was 
receiving 0.1 gm. digitalis per daj", the cardiac mechanism reverted to normal, but 
the T-waves were still flat. The patient died on the operating table March 22. 

It appears that the intramuscular injection of 0.9 gm. of digitalis precipitated 
auricular fibrillation in an elderlj’’ man with carcinoma of esophagus but vithout 
apparent heart disease or heart failure. 

Case 5. — ^A Chinese policeman, aged forfy-three .years, was admitted June 17, 19 .j 0, 
for congestive heart failure for about one month. The history gave multiple venereal 
exposures in the past. The sj'raptoras became rapidlj’ worse after the onset. The 
heart was raarkedlj' enlarged to the left. There Avere widened retioraanubiial dull- 
ness and frank signs of aortic iucompetency. The rhj-thm was regular; edema 
marked. Both Wassermann and Kahn reactions of the blood were strongly positive. 

On admission on June 17 the electroeardiogi-am revealed normal mechanism 
and left axis derdation. The patient Avas given 1.5 gm. of digitalis in twenty-four 
hours. On June 19 the electrocardiogram shoAved auricular fibrillation, a sIoav 
..ventricular rate of about 53 per minute, and diphasic T-waves in all leads. Digitalis 
0.2 gm. was given oh that day, and 0.1 gm. on June 20; it Avas omitted from June 
21 to 23; bn June 24 the electrocardiogram revealed reversion to normal mechanism, 
low T-waves, and occasional ventricular extrasystoles. Auricular fibrillation recurred 
on July 31, Avhen marked nausea and vomiting also appeared, after resumption of 
digitalis. This again disappeared eleven days after the second AA-ithdrawal of the 
drug. . , 
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In a patient with sj-pliiiis of the cardiovascular system and advanced cardiac 
failure, full digitalization produced no beneficial resiionse, hut apparentlj' brought 
on auricular fibrillation which disappeared on reducing the dose of digitalis. Slow 
ventricular rate during auricular fibrillation, in%’crsion of T-wave.s, and nau.sea and 
vomiting support the view that auricular fibrillation was a toxic mnnifestation of 
digitalis in this case. 

Case C. — Cliinese man, aged forty-nine years, was admitted July 15, 1931, for 
congestive failure for six months. The rhythm was regular, blood pressure, 158/124. 

The patient was taking digitalis before admission, when the electrocardiogram 
showed partial auriculoventricular heart-block (P-R interval 0.24 sec.) and left axis 
deviation. After admission no digitalis was given for five days. From July 20 to 
July 27, 1.4 gm. of digitalis were gix’cn. On July 28 auricular fibrillation was de- 
tected clinically and confirmed by electrocardiogram. 

Digitalis was not discontinued, but 0.1 gm. was ordered daily from July 28 to 
July 31. The electrocardiogram on July 31 revealed transient bigeminal rhythm 
owing to frequent occurrence of ventilcular premature beats, in addition to auricu- 
lar fibrillation. On August 3, tlicre was auricular fibrillation with bigeminal 
ventricular extrasystoles. Digitalis discontinued from August 1 to 9. On August 
10 the cardiac rhythm was regnlar again, and a record showed normal mechanism. 
Owing to the per.sistence of conge.stive failure, digitalis was resumed, with 1.7 gm. 
from August 10 to 20, and 0.1 gm. was given daily from August 12 to 20. The 
patient developed auricular fibrillation on or about August 19, when the electrocardi- 
ogram revealed auricular fibrillation, .slow ventricular rate, and bigeminal ventricu- 
lar premature beats. The patient coughed up fresh blood from August 17 until 
his death on August 20. 

The occurrence of auricular fibrillation, a slow ventricular action, and bigeminal 
ventricular extrasystoles at a time when one expects a maximum digitalis etTcct, 
and their disappearance on withholding this drug, constitute evidence in favor of 
the view that digitalis caused auricular fibrillation in this patient. 

Case 7. — A Chinese man, aged forty years, was admitted April 28, 1933, for con- 
gestive heart failure for two months. He was critically ill, with pulse thready. 
There was massive effusion in the left pleural cavity with displacement of medi- 
astinum, including tlie heart, to the right. The liver was enlarged below the costal 
margin. Three thoracenteses on the day of admission resulted in the removal of 
13,100 c.c. greenish yellow pus. 

The heart rhythm was regular on admission, when (i c.c. of digipuratuni was 
administered intramuscularly. On the next daj’, April 29, O.C gm. of digitalis by 
mouth and 2 c.c. of digipuratuni intramuscularly were given in the morning. In the 
afternoon the ventricular rate suddenly dropped to about 40 per minute, with 
bigeminal rhjdhm. The heart rhythm was totally irregular after 5 I^^r. An eloetro- 
eardiogram taken at 8 r.M. on the same day revealed auricular fibrillation, complete 
auriculoventricular dissociation, bigeminal ventricular premature contractions, and 
loft axis deviation. A second record on May 1 revealed a similar nieehanisra. Ow- 
ing to the striking changes in the cardiac mechanism after digitalization, no digitalis 
was given from April 30 until .Tuly 17. Patient’s circulatory condition improied 
gradually. He was discharged in good condition on July 19. 

Subsequent records were interesting. On Alay 2 auricular fibrillation was still 
present, but not complete auriculoventricular dissociation. There were trequent 
ventricular extra.systoles of various sliapcs in Lead II. On !May lo, when digitalis 
had been di.scontinued for fifteen days, the electrocardiogram fir.st showed reversion 
to normal mechanism with P-R interval of 0.21 sec. 

There is no doubt that in this .subject, who suffered from ma.ssivc pneumococcus 
pleurisy and whose heart was probably normal, digitalis (1.4 gm. in twenfj-four 
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hours), piodueed auricular lihrillation, complete auriculoventricular dissociation and 
bigeminal ventricular extras 3 'stoIes, The T-wave inversion also indicates digitalis 
effect. All these changes disappeared in two weeks as digitalis effect passed off. 

Cask S. A Chinese man, aged fiftj--nino years, was admitted Jan. 12, 19.14, for 
congestire heart failure for about one month. He had been entirel.v well pre\*iousl}'. 
The patient was orthopneic with marked edema. There were tj'pical central and 
peripheral signs of aortic insufticienc\’. The teleradiogram showed a widened aortic 
arch. 

Pigitalis 1.2 gm. was given on Januaiw 12-13. 

An electrocardiogram taken January 13, after 0.0' gm. of digitalis on the day 
prenous and 0.2 gm. on that morning, revealed normal ineclianism and left axis 
deviation. Occasional extrasr’stoles noted on tliat daj'. On Januarv 14 auricular 
tibrillation witli T-Avave ciiangos and frequent ventricular extras.ystoles appeared. 
Digitalis was omitted on Januaiy 14. From JanaarA* 15 to 25 the patient receiA-ed 
0.0 gm. of digiiulh. After fhi.s increase in dosage, the patient deA'eloped bigeminal 
rhythm in addition to auricular fibrillation (confirmed Iia* electrocardiogram). Nausea 
and A-oniiting deA'eloped Jnnunry 28. 

Digitalis stopped from .lanuarA' 20. On January 30, normal jneehanism AA'as 
restored. Further obserA'ations slioA\-ed that Avitli smaller doses of digitalis, the 
patient never again deA'eloped circus mechani.mi (last electrocardiogram April 1.9, 
1934). 

In a patient with SAqjliilis of the cardioA-ascular s3'stem, digitalis caused the 
appearance of auricular fibrillation, Avitli bigeminal A-entricular extrasystoles, and 
nausea and A'ouiiting. Sino-aurieular rliAthm Avas restored upon reduction of 
digitalis, 

Ca.se 9. — ^Patient, a Chinese liouseAA-ife, aged thirty-four years, was admitted 
June 28, 1934, for pi'cgimncA' near term (para iv) and dyspnea, orthopnea, and 
cough for one month, and edema of legs for tAvo daj's. Patient Avas obese, orthopneic, 
and cyanotic. The heart was enlarged to left; no murmur; gallop rliA-thm; blood 
pressure, 100/120. The abdomen avu.s distended Avitli tlie gruA-id uterus. 

The electrocardiogTani on June 29, the day after admission, reA-ealod normal 
mechanism, upright T-waA-es in Leads 1 and II and inverted T-AvaA'es in Lead 
III. Digitalis medication Avas begun on June 29, Avhen the patient received Q.S 
gm. in divided doses by mouth, 0.7 gm. being given from June 30 to JaiIt 2. The 
electrocardiogram on July 2, after a total of 1.5 gm. in three days, shoAved still a 
normal mechanism, Ioav T in Load I, and diphasic T in Leads II and III. One and 
two-tenths grains of digitalis Avere administered from July 3 to S. Labor started 
spontaneously on July 6, Avhen delivery by breech presentation occurred. The 
patient ^s condition improved after admission, but nausea and A’omiting began 
July 9, wben heart rhythm Avas noted to be totally irregular. Digitalis Avas omitted 
on that day, and a record reA’caled auricular fibrillation, with all T-veaves diphasic 
and the R-T interval deeper than before. 

From July 10 on, digitalis therapy Avas relaxed, only 0.1 gm. per day being given 
until discharge on August 17. On July 12 the heart rliA'thm AAas regular, and a 
record rcA'caled normal mechanism, auriculoA'entriculai' conduction at upper limit of 
normal (0.20 sec.), and dipha.sic T-AA'aves in Leads I and IT. The patient AA'as last 
seen on Ajiril 20, 1935. The rliythm Avas always regular in later examinations. 

In a patient aa'Iio had hj'pertensive disease and caidiac failure precipitated bA 
pregnancA' and labor, 2,7 gru. of digitalis in ten davs caused marked digitalis effect, 
as manifested b^' vomiting and transient auricular fibrillation. 

Case 20.— A Chinese merchant, male, tlirrty-seven year's old, was admitted July 
17, 1934, for shortness of breath for two years, cough and swelling of legs and of 
abdomen for six months. Examination rcA-ealed advanced congestive heart failure. 
The blood pressure Avas 100/130. The electroeardiogi'am, July IS, revealed normal 



278 


THE a:mericax heart journal 


uieehauism, low to flat T-waves, and left axis deviation. The patient improved after 
bed rest and digitalis, and he was discharged on August 3. 

After discharge, tlie patient visited Cardiac Clinic frequently. He took 0.1 gm. 
digitalis daily from August 3 to 17. From August 18 to 30 he received a total dose 
of 2.1 gm. of digitalis in twelve days. When seen on September 1, he was very 
ill. He took 1.2 gm. of digitalis from September 1 to 8, when the patient returned 
without improvement, and the heart rhythm was noted to be totally irregular. He 
was readmitted September 9, when the electrocardiogram revealed auricular fibrilla- 
tion with bigeminal ventricular extrasystoles and flat T-waves. After admission, 
the patient received no digitalis for six days, and cardiac rhj-tlun returned to 
normal on September 15. Subsequent administration of digitalis was more cautiously 
undertaken, with no recurrence of auricular fibrillation. 

A patient with hj'pertensive cardiovascular disease developed auricular fibrillation, 
with bigeminal ventricular premature contractions, after 3.2 gm. of digitalis in 
twenty days. Omission o'f digitalis for six days was followed by return to normal 
mechanism. 

Case 11. — A young girl, aged fourteen years, was admitted Sept. 27, 1934, for 
palpitation of heart and dyspnea for several months. The symptoms were suggestive 
of intermittent claudication of left leg for three months one year ago. She was 
underdeveloped and undernourished. The heart was enlarged to the right and to the 
left upper, with findings suggestive of a mitral lesion. No roentgenological erd- 
dence of coarctation of aorta was noted. Eight bracliial arterial pressure varied 
between 140-170 systolic and 80-98 diastolic. Arterial pulsations were absent in the 
left arm, over abdominal aorta, and in the lower extremities. The liver was enlarged. 

The patient received no medication from admission to October 14. The electro- 
cardiogram on September 20 revealed normal mechanism, tendency to left axis 
deviation, and upright T-waves. Because of increase of congestive heart failure, 
the patient was given digitalis in the amount of 3.9 gm. in a period of forty-two 
days from October 15 to November 26. On November 10 the electrocardiogram 
showed normal mechanism and a definite lowering of T in all leads. 

The digitalis dosage was increased on November 28, as the patient showed 
no response to treatment. Digitalis 0.8 gm. was given from November 28 to 30. 
On December 1 the patient developed for the first time nausea and vomiting and, 
in the afternoon, a ‘ ‘ very irregular ’ ’ heart rhythm for a few hours — no electro- 
cardiogram. Prom December 1 to 10 digitalis 0.1 gm. was given daily. On 
December 8 and 10 marked nausea and vomiting were jiresent. Examination showed 
a totally' irregular rliyflim, and digitalis was stopped from that date. The electro- 
cardiogram revealed auricular fibrillation, diphasic T in Leads 1 and II and in- 
verted T in Lead III. The circus rhythm lasted about thirty-one liour-s. The 
record on December 12 revealed normal mechanism, but T-wave changes persisted. 
The patient was discharged improved on December 17. Pour day's later patient nas 
readmitted in a critical condition. She died with regular sinus rliyflim on December 
22 . 

A young girl who had coarctation of aorta and questionable rheumatic heart 
disease and who was small in stature (height 137 cm. and weight 26 kg.) nas 
probably' given somewhat too much digitalis, chiefly' on nccouBt of her lack of 
favorable response to the drug. Digitalis seems to have caused transient uuric.ular 
fibrillation, which disappeared about thirty-one hours after the withdrawal of the 
drug. Other electrocardiographic signs of digitalis effect were seen. 

Case 12. — ^A Chinese male, aged fifty years, was admitted Nov. 28, 1934, for 
congestive heart faihn-e for two months. There were hydrothorax and ascites. 1 he 
Iieart was markedly enlarged to the left and there were central and peripheral signs 
of franlj aortic regurgitation. 
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The electrocardiogram on tlie day of admission showed normal nieehanisnij up- 
right T in Leads I and II, and diphasic T in Lead III. Digitalis 1.3 gm. was given 
from November 28 to 30. Patient became nauseated on November 30, when cardiac 
rhythm was found totally irregular and a record revealed auricular fibrillation, de- 
pressed P-T in Lead II, and inverted T in Lead III. Digitalis was discontinued 
from November 30 to December 5. Tlic electrocardiogram on December 4 revealed 
normal mechanism, P-E interval of 0.20 see., but the E-T interval was still depressed 
in Lead II and the T-wave inverted in Lead III. 

Nausea and auricular fibrillation developed in a patient with sj-philitic heart 
disease after 1.3 gm. of digitalis in two days. Eeductiou of the dosage resulted 
in the disappearance of circus mechanism in four days. 

Case 13. — A Cliinese housewife, aged forty years, was first seen in the out-patient 
clinic Oct. 18, 1928, when she luid had moderate congestive heart failure for three 
months. Examination showed mitral stenosis and a regular rhythm. The electro- 
cardiogram before digitalis showed normal mechanism, right a.xis deviation, up- 
right T in Leads I and II and inverted T in Lead III. The patient was treated 
successfully for six years in the Cardiac Clinic with digitalis and general measures. 
Sixteen electrocardiograms during this six-year period all showed normal meclianism. 
Tiie patient ’s condition became worse on Nov. 20, 1934, when she was admitted 
to the hospital. By that daj* she had received 1.3 gm. of digitalis in seven days. 
After admission another gram of digitalis was given, a total of 2.3 gm. from 
November 13 to 24. There was no vomiting prior to admission, but from November 
20 on, thci'o were both nausea and vomiting. Auricular fibrillation developed on 
November 24. The electrocardiogram showed coarse circus waves, a ventricular rate 
of about (35 per minute, and flat T in Lead I and inverted T in Leads II and III. 
Digitalis, was immediately stopped. Two days later normal mechanism returned, 
with occasional ventricular extrasystoles. The patient gradually developed uremia 
and was disclmi-ged against advice on November 28. The cardiac rluflim remained 
regular to the time of discharge. 

In a patient with rheumatic heart disease and chronic diffuse nephritis, 2.3 gm. 
of digitalis in twelve days caused the onset of auricular fibrillation, which reverted 
to normal mechanism two days after the discontinuance of digitalis. 

Case 14. — A Chinese housewife, aged forty years, was fii'st admitted Feb. 12, 
3935, near labor (para ii). A living baby was delivered on February 14. There 
were cough, shortness of breath, and edema of legs for three weeks. Examination 
showed cardiac enlargement, mitral stenosis, and moderate congestive failure. The 
rhjThm was regular. The electrocardiogram on February 14 revealed normal 
mechanism. Digitalis 2.1 gm. was given from February 13 to 25. The general 
condition improved. Auricular fibrillation developed February 26, from which 
■ day digitalis was discontinued. Normal sinus rhythm was restored IMarcli 4. 

In a woman in labor with rheumatic heart disease, digitalis therapy probably 
played a role in the postpartum production of auricular fibrillation, although it 
developed several days after the expected time of maximum digitalis effect. 

Case 15.* — A Chinese man, fifty-seven years old, was admitted twice, first, Jan. 
2,3 1934, and second, Jan. 20, 1935. On first admission the patient showed signs 
of moderate congestive heart failure which had been present for eight days. There 
was no evidence of valvular lesion. The blood pressure was normal. The patient im- 
proved after rest and digitalis. The electrocardiogram on Jan. 23, 1934, before 
digitalis, revealed normal mechanism and upright T-waves in all leads. After 
1.9 <Tn. of digitalis in fourteen days, a second record sliowed flat T, and diphasic 
T 3 and T 3 . Bj' February 12 patient had received 2.4 gm. of digitalis in twenty-one 

'This ease is reported in detail in a separate communication by Dr. C. TF. Tticn 
and Dr.' k. Y. Ch’in. 
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days. On that day clinical examination revealed a transient, attack of totally 
irregular heart rhythm, presunnibly auricular fibrillation, but the irregularity had 
disappeared several hour.s later when the electrocardiogram was talcen. Besid’e.s the 
T-wa\e changes similar to those of the .second clectrocardiogriun there was also pro- 
longation of the P-E inteiwal to 0.24 .sec. 

During the interval between the first and .second admi.s.sions, the patient vi.sitod 
the Cardiac Clinic regularly. On three or four occasions a low pitched rumbling 
diastolic murmur was heard at the apex. The patient was constantly under the efl’eet 
of digitalis during tliis interval, when his cardiac rhythm was always regular. 

The condition became worse in January, 1035, and the patient required admission 
on January 26. At that time he showed marked dyspnea and orthopnea. The 
heart was then markedly enlarged. Venous pre.ssure was 250 mm. of blood by direct 
method. 

Patient had received digitalis 11.6 gm. in 109 days up to the day of admission; 
he was given 0.5 gm. additional on January 26 and 27. He %’omited a great deal 
from January 26 to 28. On January 28 the cardiac rhythm became totally irregular. 
Digitalis was discontinued for the next two days and an electrocardiogram was 
taken, which showed auricular fibrillation, flat T„ and inverted T in Leads II 
and III. Because of persistence of congestive failure, digitalis was again admin- 
istered, 0.5 gm. from .January 30 to February 2. Nausea and vomiting increased. 
Digitalis was discontinued February 3. The electrocardiogram taken on February 
4 revealed auricular fibrillation, frequent ventricular premature contraction.s, .some- 
times bigeminal in rhythm, and inverted T-waves. 

After withdrawal of digitali-s, the patient improved gradually. Nausea and 
vomiting subsided. Cardiac rhythm became regular from Febi'uary 9. The electro- 
cardiogram on February 13 revealed normal mechanism, sinus bradycardia, and 
right axis deviation. Cardiac rhythm remained regular until sudden death occurred 
on March 4, 1935. 

Necropsy revealed a mj’xoma of left auricle protruding into and obstructing the 
mitral orifice, marked hypertrophy and dilatation of right ventricle, and extensive 
chronic passive congestion. 

In an unusual case of primary mj'xoma of the heart with apparently normal endo- 
cardium and mj'oeardium at autop.sy, auricular fibrillation with bigeminal ventricular 
extrasystoles and other evidences of digitalis intoxication developed during the 
use of digitalis. On the eighth day after the discontinuance of the drug the mecha- 
nism became normal, and remained so until sudden deatii took place twenty-four 
days later. 

DISCUSSION 

A careful exainiualion of the foregoing case records and of Taltle I 
will leave little doubt that the on.set of auricular fibrillation was caused 
by large do.ses of digitalis. In (lase.s 4 and 7 there was no definite 
evidence of organic heart disease, and the patients suffered respec- 
tively from epithelioma of the esophagus and suppurative pneumo- 
coccal pleurisy. Digitalis was given in the first case with a view to 
supporting the circulation befoi'c a contemplated major surgical opera- 
tion in an elderly individual, and in the second case on account of 
signs of circulatoiy failure due to marked displacement of the heart. 
Another ease (No. 15) concerned a patient whose heart was normal 
except for a solitary myxoma of the left atrium, which led to mitral 
valvular obstruction and to hypertrophy and dilatation of the right 
side of the heart. In four eases tliere was frank syphilitic cai'dio- 
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vascular disease with aortitis and aortic iiisufficieiicy. lu all cases 
the onset of auricular fibrillation was associated with other signs of 
digitalis effect, such as slow ventricular rate, T-wave inversion, bigemi- 
nal rhythm with ventricular premature contractions, and often nausea 
and vomiting. In all instances the mechanism reverted to normal after 
the withdraAval (in thirteen cases) or reduction (in tivo cases) of 
digitalis. A period of from two to fifteen days (average, fiA'-e days) 
elapsed from the time of withdraival of digitalis to rei’-ersion to sinus 
rhythm. This fairly long period for a marked digitalis effect to Avear 
off is not .surprising in aucav of the previous finding^^ that after mod- 
erate doses of digitalis giA*en Avithin a period of eight to tAvehm hours 
to a group of patients Avho Avere not previously under the influence of 
this drug, its effects Avere often still discernible in the electrocardio- 
grams three or four Aveeks later. 

Tablk I 


.SOM.MAKV or PlFTEKN CASES OF AUlOCirEAU FIBRILLATION PRODUCED BY DIGITALIS 


CASE 

NO. 

■ 

SEX 

1 

DIAGNOSIS 

AMOUNT OF 
DIGITALIS RECEIVED 
AT ONSET OF 

AURICULAR 

FIBRII.LATION 

(GM.) 

NUMBER OP DAYS 
AVITIIOUT DIGITALIS 
BEFORE REA^ERSION 
TO NORMAL 

MECIIANISJt 

1 

V 

27 

Khouiiuitic, mitral 
stenosis 

1.5 in 48 hr. 

3 

2 

M 

44 

Hypertensive 

1.7 in 24 hr. 

G 

«» 

*> 1 


52 

Syphilitic, aortic incom- 
petency 

2.1 in 9 (lays 

3 

i i 

:si 

G4 

Epithelioma of esojili- 
agus, pre operative 

3.0 in 24 hr. 
(0.9 intramuscu- 
lar) 

2 

(Had 0.2 gm. dur- 
ing this period) 

5 

u 

4.1 i 

.Syphilitic, aortic iucom- 
petency i 

1.5 in 24 hr. 

1 

o 

O 

G 

! 

49 

Hypertensive 

i 

3.4 in 8 days 
(Had unknown 
amount of digi- 
talis before 
admission) 

9 

7 

M 

! 

40 

Pncumococcns .suppura- 
tive pleurisy 

1.4 in 24 hr. 

15 

S 

JI 

59 

Syphilitic, aortic incom- 
petency 

1.2 in 24 hr. 

4 

D ■ 

p ! 

34 

Hypertensive ; iiarturi- 
tion 

2.7 in 10 days 

o 

o 

(Had 0.2 gm. dur- 
ing this period) 

30 

: 

37 

Hyperlensii'o 

3.2 in 20 days 

G 

11 

P 14 

(Hciglit i;i7 
ein. AVcight 
2G kg.) 

Congenital, coarctation 
of aorta 

2.0 in 13 days 

31 hr. 

32 

M 

1 50 

Syphilitic, aortic incom- 
petency 

1.3 in 48 hr. 

4 

' 

P 

40 

Pheumatic, mitral 
stenosis 

2.3 in 12 days 

2 

34 

P 

40 

Plieumatic, mitral 
. stenosis; parturition 

2.1 in 12 days 

G 

35 , 

kl 

57 

My.voma of heart 

12.1 in 111 days 

G 
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The mechanism of the production of auricular fibrillation by digitalis 
is not clear. Kesnik^^ believed that the phenomenon Avas due in some 
cases to strong stimulation of the A^agus nerves but that in most eases 
it Avas due to direct action upon the myocardium. In one of Resnik’s 
cases there Avas a reversion to normal rhythm folloAving the use of 
atropine. He also believed that mjmcardial failure Avas an important 
predisposing, though not a direct, cause of transient auricular fibril- 
lation. 

LeAvis and his associates-® shoAved that A’agal stimulation reduced 
the absolute refractory period of the dog’s auricular muscle beating 
at rates of about 200 tier minute to from one-fifth to one-sixth of its 
full A’alue. Although the refractory period and its A'ariations in human 
beings are unknoAAui, it is knoA\m that the electric SA'stole (Q-T interval 
of the electrocardiogram) is shortened by digitalis, not only absolutely 
but in relation to the cardiac rate.-^ This change speaks for shorten- 
ing of the refraetor.y period AAdiich faA'-ors the lAersistenee, if not the 
onset, of the eirctis mechanism. 

It has been demonstrated b 3 ' a nnmher of observers that vagal stimu- 
lation tends to faA'or the dcA-elopment of auricular fibrillation.-- This 
vieAv had been reeentlj- substantiated b.y Hahum and Hoff,-® avIio con- 
verted the normal mechanisms of four h.yperthyroid patients and ten 
eleetrieallj’' stimulated eats into auricular fibrillation bj’' the adminis- 
tration of aeetyl-^-methjdcholine chloride. It appears probable, there- 
fore, that A^agal stimulation plays an important role in the lAroduction 
of auricular fibrillation bj- digitalis. 

As to the direct action of digitalis on the myocardium, it is difficult 
to state posith'elA'' its role in the production of auricAilar fibrillation. 
LeAAUs-'* found that this direct action of digitalis sloAved the conduc- 
tion and prolonged the refractoiy period of the mammalian auricle. 
Cuslny-® shoAved that one of the main toxic effects of digitalis is to 
increase the irritability of the mAmeardium, leading to ectopic beats 
and to auricular fibrillation. It is possible, therefore, that the direct 
action of digitalis on the mj'ocardhim and its indirect action through 
the vagi maA” not oppose each other and that both maj^ be responsible 
for the deA^elopment of auricular fibrillation, especialh’ in the presence 
of other factors AA'hich in themseh-es maj- excite the onset of circus 
mechanism, such as mA'ocardial di.sea.se and cardiac failure. 

It has already been pointed out^~ that the production of auricular 
fibrillation as a result of digitalization is not a matter of mere academic 
interest. Although, in general, auricular fibrillation AA'ith a rapid A^en- 
tricular rate is an indication for digitalis, the onset of this rliA'llm 
in patients Avho liaA-e receiA'ed large doses of digitalis constitutes an 
indication that a toxic effect of digitalis is present. .It is possible that 
the further use of the drug might ghm rise to A'entricular tachj'cardia 
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or fibrillation or even irreA'ersible cardiac damage. It appears also 
true that discontinuance or marked reduction rather than further ad- 
ministration of digitalis gives the best chance for improvement in 
cardiac efficiency and for reversion to normal mechanism. 


SUMMARY 

,, In fifteen patients, two without and thirteen with heart disease and 
congestive failure, full digitalization caused the appearance of auricu- 
lar fibrillation together with other signs of digitalis intoxication. The 
abnormal rlyythm in all cases disappeared several da.ys after the dis- 
continuance of digitalis. 

Under certain circumstances transient auricular fibrillation is a toxic 
effect of digitalis and ils occurrence under these circumstances is an 
indication for the withdrawal of the drug. 
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THE EPPBGT op STELLATE GANGLIONECTOJIT ON THE 
CARDIAC FUNCTION OP INTACT DOGS 


And Its Effect on the Extent op .AIyocardial Infarction and on 
Cardiac Pux’ction Following Coronary Artery Occlusion* 

W. V. Cox, M.D., Lewiston, Me, and H. P. Robertson, M.D., 

Toronto, Ont. 


FpOR SOME years stellate ganglioneelomy was performed by a number 
of surgeons for the relief of pain in angina pectoris. Otliers doubted 
the Amlue of the iirocedure and even condemned it heartily saying tliat it 
not only failed to relieve pain satisfactorily, but predi.sposed the heart 
to sudden failure and prevented a person with a diseased heart from 
receiving warning of overwork. In the last few years, however, several 
who were opponents of stellate ganglioncctomy in cases of angina 
pectoris have changed their views on both clinical and experimental 
grounds. The following physiological and pathological experimental 
studies support the view that stellate ganglioneetomy does not predispose 
a heart sutfering from circulatory disturbances to failure but definitely 
minimizes the ill effects of such changes.^'® 


LITERATURE 

For present purposes a few of the many excellent clinical resumes of 
the literature bearing on the question at hand suitably summarize the 
pertinent facts and theories. It is notable that several early opponents 
of stellate ganglioneetomy as an operative treatment for angina pectoris 
have changed their views considerably in recent years. Danielopolu, on 
clinical grounds, and Leriche, on both clinical and experimental grounds, 
were among those who some years ago felt that motor sympathetic fibers 
essential to the heart passed through the stellate ganglia, and that their 
removal was contraindicated because sudden asystole might be pre- 
cipitated, or the function of the heart might be definitely limited. Cut- 
ler, who sumraarized the literature excellently on sevei-al occasion.s, did 
not omit to mention Danielopolu s warnings; thougli he himself ad- 
judged the procedure noninjurious to dogs and beneficial to persons 
suffering from angina pectoris. More recently Leriche has by both clini- 
cal and experimental work found occasion to reverse his previous judg- 
ment and feels that stellate ganglioneetomy is di.stinctly lieneficial in 
cases of angina pectoris since the procedure lessens the extent of in- 
farction following coronary closure and offsets any tendency to ^cn- 
tricular fibrillation. Swetlow apparently found injection of the ganglia, 
from the level of G8 to T7, capable of relieving the pain of angina in 
many cases and quite harmless.^'®’ 

‘From the Surgic.'il Service of The Peter Bent Bi-ierliain Ho.^pit.-il. JioMon . 

2 S 5 
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The exact scientific explanation for these various clinical opinions is 
marred hy disagreement regarding the paths aiid positions of the cell 
stations of the nerves supplying the heart, and the functions of these 
nerves. Excellent physiological studies, however, have shown that 
stellate ganglioneetomy has no cft'cet on the cardiac function of dogs and 
their ability to work. It has been found experimentally that the surface 
temperature of an infarcted area of heart muscle does not change with 
removal of the stellate ganglia and stimulation of the sympathetic fibers 
to the heart produces no rise in temperature. It seems proved that, 
though motor, cardiotonic, vasodilatory, and sensory fibers concerned in 
the reflex reactions of the heart are generally supposed in dogs to pass 
to and from the heart by way of the stellate ganglia, the removal of these 
structures is without deleterious effect. Such a conclusion is supported 
by the fact that various chemical and hormonal influences may ade- 
quately replace the nervous reflexes of the heai't in its various reactions 
to general bodily activity.^’’ 

The anatomical data most acceptable as a background for the above 
findings are briefly as follows ; Sensory fibers to do with pain leave the 
heart in the human by the middle and inferior cardiac nerves, travel 
eaudally from the middle and inferior cervical ganglia to the stellate 
ganglia and reach the cord by way of while rami from the sympathetic 
chains, from the level of C7, C8, or Tl to T4, or sometimes further 
caudad still. In dogs the pain fibers run to the stellate ganglia and to a 
varymg number of the upper thoracic ganglia. Stellate ganglioneetomy 
largely interferes with such fibers. Other sensory fibers, more important 
to heart function than these, and concerned in three well-known reflex 
ares, are, however, left quite intact when the stellate ganglia are re- 
moved. The depressor nerves from the region of the aortic arch for the 
regulation of blood pressure and jiulse, the fibers from the venous side of 
the heart which form the sensory side of the Bainbridge reflex and have 
to do with the regulation of cardiac filling and pulse rate, and the 
carotid sinus reflex sensory fibers regulating' heart rate do not pass 
through the stellate or upper thoracic ganglia. Except for some .sym- 
])athetic efferent fibers of the Bainbridge reflex which pass through the 
stellate ganglia to the heart, the efferent fibers of these important reflex 
arcs are also unharmed by stellate ganglioneetomy in both human and 
dog, for the majority of the efferent fibers are carried in the vagus 
neiwes. 

The efferent sympathetic cardiac fibers in man arise in the lateral 
horns of the gray matter in the upper thoracic cord and pass to the heart 
from the superior, middle and inferior .stellate, and .several of the upper 
thoT'acic ganglia. In the dog they all pass fi’om the stellate ganglia to 
the heart. It is over such fibers that much disagreement occurs, for they 
have been credited with quite various morphologies and functions from 
time to time. At present they are considered as aecelcratory and tonic 
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to the lieait and as vasodilatory to its vessels. As mentioned above, 
chemical substances, notably adrenalin, appear capable of replacing 

efficiently the functions of these fibers so that their loss is theoretically 
unimportant.^^’ 

METHOD 

Leriehe tied off various parts of the coronary circulation in dogs that 
had had, and also in those that had not had, stellate gangiionectomv pei~ 
formed. He examined the hearts at various intervals afterward and, 
where comparable amounts of coronary supply had been tied off, re- 
ported that the smallest amount of infarction was found in the dogs 
that had had stellate gangiionectomy done the longest time before the 
ligation. Cannon and others have studied the pulse, ' respirations, and 
work ability of exercising dogs and found that stellate gangiionectomy 
had no effect on these measures of cardiac function. We therefore com- 
bined these methods, adding a study of basal and exercise cardiac output 
since it' was found that a fairly delicate test of this function could be 
made. 

It is true that many eases of angina pectoris in the human present no 
definite obstruction of the coronary arteries at autopsy, that the exact 
nature of angina pectoris in the human is unknovm, and that ligation of 
coronary vessels does not necessarily parallel the conditions extant in the 
patient suffering from angina pectoris. But, as pathological studies 
become more searching, more and more hearts of patients who suffered 
from angina are found to bear evidence of coronary occlusive changes, 
and increasing numbers of reports are seen of angina cases which were 
found during life or at autopsy to have been in reality cases of coronary 
thrombosis. Further, it is commonly felt nowadays that angina pectoris 
is due to anoxemic changes in the myocardium in the final analysis. It 
seemed reasonable, in consideration of these points, to proceed as de- 
tailed below.'*'*’’ ’**’'"*’ 

Male dogs of as similar size and temperament as possible n-ere trained to run on 
a treadmill, to cooperate in studies of pulse, respiration, blood pressure, and basal 
and exercising cardiac output. Five of these dogs, after such studies and under 
proper anesthesia, had tlie stellate ganglia along with two to four of the upper 
thoracic ganglia removed. The previous tests were then lecheckod, and, when st.ible 
readings were reached, the anterior descending branch of the left coronarj artery 
was tied at about its midpoint. This usually gave an area of epicardial blueness 
about inches in diameter, an area approximately one-quarter of the area of the 
left ventricle. If the area first tied was not quite large enough, ligatures were 
placed more proximally on the vessels to give the desired extent of infarction. As 
hearts in dogs of similar size varied in their measurements somewhat, and as the 
coronary vessels deviated considerably in their mode of distribution and extent of 
anastomosis, it was not always po.ssibie to be .sure that exactly similar areas of heart 
muscle had been infarcted. Such variations were carefully noted and suitable allow- 
ances made. At operation, measurements of the size of the heart and of the area 
of infarction were taken. When the dog was entirely recovered (and usually in forty- 
eight hours no evidence of ill eft'ect was present) re.«ting and exercise readings wore 
again taken until it was evident that stable readings were being obtained. 
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Anothor live of tlie dogs, following tlie usual tests, were subjected to as exaetly 
siinilar coronary occlusion as possible, no stellate ganglionectomy being done first. 

lien tlie dogs had sufficiently recovered, the tests were repeated until stable results 
were obtained. 

Ten other dogs tliat had no cardiac outi)ut estimations done were used to test the 
mortality and morbidity between dogs subjected to coronary closure after stellate 
ganglionectonn* and dogs subjected to similar coronary closure without previous 
ganglionectomy. These dogs were divided into two groups of five dogs each. The 
ligature in each case was placed quite close to tlio origin of the anterior descending 
bramih of the left coronary artery, giving an area of infarction considerably greater 
tlian one-quarter of the left vontrielc. 

The dogs wore sacrificed only a f ter many cheek studies had been done. They were 
usually observed from four to six months after the last operation. Great care was 
taken throughout to see that all tests were done as uniformly as possible. The 
hearts were finally preserved for microscopic study to chock the gross measurements 
of the area of infarction. 


Electrocardiograms wore taken on juany dogs before and after the various pro- 
cedures, especially after coronary ligature was done, to confirm the presence of in- 
farction.* 


The method is summarized in several typical protocols. 


StcUatc Ganulionccioinii Prior to Coronary JAyniure . — Dog 3, 1933, a male collie, 
weight 13 kg. (Table 1). 

January, Eebruary, March. — Dog trained readily for various tests; and pulse, 
respiration, blood pressure, basal and exercise cardiac output , readings taken re- 
peatedly until fairly level results were obtained. Electrocardiographic readings and 
hetirt .size by x-ray extuuintition were recorded. 

April 3, 1933. — A bilateral stellate ganglionectomy was done through lateral' chest 
wall incisioms, three ganglia Ijclow each stellate being taken. The course after 
operation was uneventful. A bilateral Horner syndrome was present. 

April. May. — l’nl.so, respiration, blood pressure, basal and exercise cardiac output 
studies ivore ropctitcd until readings were stable. Electrocardiogi*am and the 
heart size were again recorded. 

Mav 23, 1933. — I’he heart was exposed through a left rib-spreading incision. The 
left marginal urterv, which was tlic first largo branch of the left anterior 
descending I'anius, was tied 1 cm. from its origin. An area of cyanosis 1 cm. in 
diameter develoiied just distal to the tic. There was a good anastomosis evident be- 
tween tlie posterior artery of the left ventricle and branches of the anterior descend- 
ing branch of the left coronary artery. Two ligatures wore placed 2 cm. from the 
origin of the anterior descending bi'anch of the left coronaij aiteij. An area 2 cm. 
by 3 cm. turned blue, the area so alTected extending from the septum in front to 
the loft marginal artery, and from the region of the tie to the apex. The heart 
measured 7.5 cm. from apex to base. There was no change in cardiac function noted 
other than a lack of contractility in the part infarcted. The chest was closed, and 
there wms an uneventful course after operation. 

June, July, xUigust, September.— All tests done before stellate ganglionectomy and 
coronary ligation were repeated. There was no evidence of cardiac embarrassment. 
There was no change in the size of the heart. 

Oct. 10 1933. The dog was killed. The heart showed an area of infarction 4 cm. 

by 2 cm. ^by 0.5 cm., the greatest measurements being taken. There was marked 


*Wo wish to thank 
tlie Harvard Medical 
studies for us. 


Miss Elizabeth Lanihcrt, of the Department of Pliysiologrr' of 
School, for her generosity in making our electrocardiographic 
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?c>arring und rhiniiiiiq: in the area involved. Sricros(;opic examination confirmed tlie 
extent of the infaretod area and the amount of scarring (Fig. 1). 

Loronarij Lioaiion Wiihouf Privious Gaufjlioncciomy. — Dog 247, IDSfi, a male 
terrier, weight 3(5 to 3S kg. (Table U). 

^ray, dune. The dog traineil readily- and good readings were obtained for tlie 
various test.s as noted above. 

June 12, IP.l.l. — The heart was expo.-ed through a left rib-spreading incision, and 
(lie fir.st branch of (lie loft anterior descending ramus of the left coronary artery 



-o. ^ tur. iiPTi-t at autopsv of Dog- 3. There was a fair degree of 

vas^uTkr^-^^iferrtiZabout u!el^ The stellate ganglia had been removed pnor 

to coronarj- ligation. 


was tied at its origin. Only a small area of cyanosis developed. The ramus itself 
was now tied about 1 cm. distal to the left auricular tip. An area of cyanosis 2.o by 
1 cm resulted The heart measured 6 cm. from apex to base. Xo change in 
cardiac function occurred during the procedure other than lack of contractility in the 
infarcted area. The chest was closed in layers. The course after operation was 

uneventful. 

July August, September.— The pulse, respirations, and blood pressure were as 
before operation, but the resting cardiac output remained persistently high while 
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the exercise output was lowered in nearly every test. The size of the heart did not 
change. 

Oct. 22, 1933.— The dog was sacrificed. An infarct 3 cm. wide %vas found extend- 
ing from the apex toward the base of the heart for 5 cm. It ivas 1 cm. thick. Tliere 
was marked scarring and tliinning of the heart wall in the area of infarction 
(Fig. 2). 

OBSERVATIONS 

The data regarding pulse, respiration, and blood pressure in the 
groups with stellate ganglionectomj^ and without stellate ganglionectomy 
revealed no marked difference in reaction to coronary ligation either at 



Fig-. 2. — A drawing o£ the heart at autopsy of Dog 247. This dog did not liave 
the stellate ganglia I'einoved befoi-e coronary ligation. Some evidence of vascular 
proliferation was seen about the! infarct, but vessels were mucli less prominent than 
about the infarct of Dog 3. 


rest or during exercise. A very variable elevation of the resting pulse 
rate was observed in some of the dogs which had the coronary artery tied 
without pre\dous ganglionectomy. Stellate ganglionectomy hj^ itself ])ro- 
duced no change in the resting or exercise readings. 

In the ten dogs on wliieh cardiac output estimations were done, a defi- 
nite difference existed between tlie five that had stellate ganglionectomy 
performed prior to coronaiy ligation and the five that had only coronary 
ligation. The five dogs that had had no ganglionectomy gave resting 
cardiac output readings one and a half to twice as high after coronary 
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ligation as before. This increase in resting output declined slightly in 
a few dogs after several months, but in the others persisted until autopsy 
four to five months following the operation of coronary ligature. One 
dog showed a marked decrease in the exercise output while the others 
showed no remarkable change in exercise output. The five dogs that 
had been subjected to stellate ganglioneetomy showed no change in the 
cardiac output readings after this procedure, nor was there any change 
after the coronary ligation was done. These results are summarized in 
Table V. The figures given in the table for the resting and for the exer- 
cise cardiac outputs are not an average of the readings before or after the 
various procedures but Avcre selected because they appeared to represent 
most accurately the true cardiac output reading for that particular series 
of tests from each group of readings. Tables I, II, III, and IV give veiy 
representative figures for the various tests on two dogs of each group. 

Table V 

Comparison between typical resting and exercise cardiac outputs, before (B) and 
after (A) coronary artery ligation, of 5 dogs with stellate ganglia intact, 
and 5 dogs with stellate ganglia removed 



DOGS WITH GANGLIA 

INTACT 

DOGS WITH GANGLIA 

REMOVED 


1 

('.ARUIAO 

OUTPUT 

i 

CARDIAC 

OUTPUT 


NO. 

AT REST 

AT W'ORK 

NO. 

AT REST 

1 AT WORK 

B 

220 1 

3051 

11009 

3 

1818 ' 


A 


71G4 

13799 


1872 


B 

213 

2825 

14237 

119 

2810 


A 

i 

i 

5096 

14299 


2G40 


B 

247 

21G9 

IlllG 

28 

1593 

117G4 

A 


3G45 

7G9G 


2122 

11581 

B 

2 

2207 

1281 9 

120 

2322 


A 


Fibrillation 

on ligation 


1 2354 


B 

2G0 

27G5 1 

12803 

GO 

1644 

10899 

A 


Fibrillation 

on ligation 


! 2259 

11254 


A comparison of the morbidity and mortality of the dogs which had 
stellate ganglionectomj’ done before coronary ligation vuth those that 
had only coronary ligation done revealed a striking difference. Ten 
dogs in all had ganglionectomj- done before coronary ligation. They 
appeared to tolerate myocardial infarction well, only one dying soon 
after the procedure. The death was apparently due to ventricular 
fibrillation. The ten dogs, however, that had coronary ligature per- 
formed on them, without previous ganglioneetomy being done, appeared 
to be more affected by the operation. Many of the dogs during the firet 
few postoperative days displayed marked cardiac arrhythmia and much 
more general malaise than those dogs deprived of their stellate ganglia 
prior to coronary ligation. Moreover, two of the dogs died of ventricular 
fibrillation immediately after coronaiy ligation had been done and uhile 
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the heart was fully exposed. No accidental factors entered into these 
deaths, the operations being cpiite similar to all others done, and other 
conditions being quite unchanged. Three more dogs died quite suddenly 
and almo.st certainly of ventricular fibrillation within a few days of 
opei'ation. Several of these deaths were witnessed by one of us and were 
]-emarkably similar to sudden death from cardiac failure in the human. 
Table VI summarizes these results. 


Table VI 

Comparison between the tolerance of 10 dogs with stellate ganglia intact, and 10 
dogs with stellate ganglia removed, to coronary artery occlusion as evidenced 
by the incidence of acute cardiac failure following ligation 



nOGS AVITU GANGLIA 

DOGS AVITH GANGLIA 


INTACT 

KEMOA’ED 

Acute cardiac deaths due to 

2(i0 

320 

coronary ligation 

3.17 



213 



2 



342 


Dogs healthy after coronary 

343 

299 

ligation 

331 

120 


247 

329 


220 

324 


340 

119 



28 



302 



60 



3 


A study of the extent of the myocardial infarction in the various 
hearts following the operation of coronary ligation gave good evidence 
that ganglionectomy prior to coronary ligation favorably influenced the 
size of the infarct and its healing. Table VII lists the measurements of 
the infarcted areas of the various hearts at autopsy. By comparing the 
hearts from dogs with ganglionectomy prior to coronary ligation, to 
hearts of similar size from dogs A^thout ganglionectomy prior to cor- 
onary ligation, it is seen that in the former the infarcts are invariably 
smaller. There appeared to be a more vigoi’ous attempt at revascu- 
larization in and about the infarcts of the hearts of those dogs that 
had stellate ganglionectomy done prior to coronary ligation, but no 
clear-cut decision could be made on this point because of the great 
variations in the ordinary A'ascular supply of various hearts. In the 
gTOup that had had ganglionectomy done prior to ligation, the first 
procedure had been carried out at various intervals before the second 
was done, but no definite indication of a difference in the extent of 
the myocardial iiifarction in this group of dogs Avas noted. 

The electrocardiographic studies gaA’c the usual evidence of infarction 
of heart muscle folloAving coronary ligation. 
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Table VII 


Comparison between the size of infarct at autopsy of 30 dogs with stellates intact 
and 10 dogs with stellates removed prior to coronary ligation 



HOGS WITH STEI.I,ATES INTACT 

1 DOGS WITH STELLATES KEMOVED 

VOCx 

i 

LENGTH 

OF 

HEART* 

(CM.) 

SIZE OF IXFARCTt 
(CM.) 

DOG 

LENGTH 

OF 

HE.VkT 

(CM.) 

SIZE OF INFARCT 
(CM.) 

217 

(5.0 

] 

5.5 long 

2.0 X a.O X 2.0 wide 
0.5 X 1.0 X 0.5 deep 

299 

!■ 

4.0 long 

2.0 X 3.0 X 2.0 wide 

1.0 X 1.5 X 3.0 deep 

;-:4S 

7.0 

■1.5 long 

2.0 X 2.0 X 2.0 wide 
'? X 0.5 X ? deep 

28 

(5.0 

3.5 long 

1.5 X 2.0 X ? wide 
0.25 X ? X 0.5 deep 

21 a 

7.5 

-l.O long 

2.0 X 2.5 X 0.5 wide 
0.5 X 1.0 X 0.5 deep 

tiO 

7.0 

4.0 long 

2.0 X 2.0 X 0.5 wide 
0.5 X ? X 0.5 deep 

aa? 

7.5 

5.5 long 

a.O X 4.0 X ? wide 
0.5 X 0.5 X ? deep 

a 

7.5 

4.5 long 

2.0 X 2.0 X 3.0 wide 
? X ? X 0.5 deep 

aai 

S.O 

(5.5 long 

5.0 X 5.0 X 1.0 wide 

2.0 X 1.0 X 1.0 deep 

3 19 

7,5 

5.0 long 

2.5 X 2.5 X 3.0 wide 
0.5 X ? X ? deep 

2(j0 

0.0 

5.0 long 

4.0 X 4.0 X 1.0 wide 

1.0 X 1.0 X 0.5 deep 

m 

8.5 

3.U long 

2.0 X 2.0 X 1.0 wide 

1.0 X 3.0 X 0.5 deep 

220 

■ 

a.O long 

0.5 X 3.5 X 0.5 wide 
1.5 X 3.0 X 0.5 deep 

120 

9.5 

3.0 long 

1.0 X 3.5 X 2.0 wide 
0.75 X 0.5 X 0.5 deep 

o 

Fibrillation on coronary lig- 
ature 

52(1 

Acute cardiac failure soon 
after ligature 

?A2 

Fibrillation on coronary lig- 
ature 

524 

Specimen ill preserved 

:uo 

Animal .still alive 

ao 2 

Specimen ill preserved 


*Ijon{jtli of lieail taken from tip apex to a-v. groove loft margin of heart. 
fLcngtli of infarct taken as maximum distance from apical end of infarct to basal 
end of infarct. 

Width of infarct mea.surcd at 3 points from apex toward base of heart. 

Depth of infarct measui-ed at 3 points from apex toward base of heart. 

Wliere mea.surenient is very small “?” is substituted for a figure. 


DISCUSSIOxN 

The above results support tlie contention of other authors that stellate 
ganglionectomy is not deleterious to the cardiac function of animals. 
The results further indicate that stellate ganglionectomy in the pres- 
ence of coronary closure reduces the incidence of acute cardiac deaths 
and reduces the size of the rc.sultant infarcts. The question arises as 
to how far these obsciYations on the effects of deliberate eoronaiy 
elo.sure in healthy dogs can be applied to human cases of angina pec- 
toris. At least it is fair to say that stellate ganglionectomy is not likely 
to be in the least harmful to the function of the heart and that, more- 
over, by cutting the nervous pathways concenied in the pain of angina 
pectoris, a definite part of the harmful mechanism will be destroyed. 
The nervous pathways which carry the painful impulses in angina 
pectoris form a real, and to the patient the most distressing part of the 
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sjuidrome; and thej^ may perhaps, as pointed out below, act as a reflex 
arc which carries pain and other impulses centrally to return impulses 
to the heart wliieh are deleterious to its function. 

Just what sort of deleterious impulses may he carried to the heart 
over the sympathetic pathways that are connected to the heart through 
the stellate and upper thoracic ganglia is uncertain. The resting cardiac 
output of the dogs that had coronary ligation done witiiout previous 
stellate ganglionectomy became elevated considerably and did not re- 
turn to a preoperative level. It is possible that the myocardial infarct 
acted as an irritant stimulating the heart to greater activity through 
sympathetic overaction. Tlie dogs witli stellate ganglia removed prior 
to coronary ligation did not show any change in the resting cardiac out- 
put. 

The dogs without ganglionectomj’- prior to coronaiy ligation exhibited 
an increased cardiac outi)ut at rest and showed lai’ger infarcts at autopsy 
than the dogs with the stellate ganglia removed before the coronary 
ligation. It would appear that the same reflex that caused an increased 
resting cardiac output caused at the same time a coronary constriction 
with the production of a large infarct, or at least a lack of vasodilatory 
reaction about the infarcted area equal to that in the dogs with the 
.stellate ganglia removed. Though it is true tliat increased cardiac 
activity usually presupposes an increased coronary flow, the larger 
coronary vessels do not necessarily dilate. It has not been demon- 
strated whether the increased coronary flow on cardiac acceleration is 
due to active arterial vasodilatation or merely to a more rapid flow 
through the arteriolar and capillary bed of the heart. 

Furthermore, since dogs with stellate ganglia intact seemed much 
more susceptible to acute cardiac failure after coronary closure than 
dogs with the ganglia removed prior to coronary closure, it would aj)- 
pear that obliteration of the nci’vous pathways to and from the heart 
definitely protected the heart from some harmful influence. This cii’- 
cumstance seems comparable to those where spastic le.sions in other 
parts of the body are benefited by section of the sympathetic pathways 
to the affected part. 

The exercise cardiac output was not affected by coronary ligation in 
cither group of dogs. This is accounted for by the fact that only 
moderate work was used in the exercise tests for reasons given else- 
where. This amount of work was such that the exercise response was 
not likely to be interfered with by the extent of coronary occlusion 
used in the experiments.^® 

On the whole it would seem iiot unfair to conjecture that, fai’ from 
being a dangei'ous procedure in angina pectoris, bilateral stellate gangli- 
oncetomy or bilateral injection of the lower cervical and uppei' dorsal 
ganglia, would not only relieve the pain of angina without being danger- 
ous, but would lessen the mortality of coronary ocehisive lesions. It 
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■vNonld elimiuate tlie sympathetic reflex arc, promote yascularizatioii of 
areas threatened by anoxemia, and allow the heart absolute rest both 
by the relief of pain to the patient and by elimination of detrimental 
cardiac reflex responses to myocardial lesions. 


SUMI^IARY 

Twenty dogs, carefully trained and tested for resting and exercise 
heart rate, respiratory rate, blood pressure and ten for cardiac output, 
were subjected to coronary ligation of as similar nature as possible. 
Half the dogs were subjected, prior to coronary ligation, to bilateral 
stellate ganglionectomy at Avhieh time at least several of the upper 
dorsal ganglia were also removed. 

The dogs with stellate ganglia removed were not affected bj* this pro- 
cedure as judged by the above criteria of cardiac function. When 
coi’onaiy ligation was done, there was no change in the cardiac output, 
heart rate, respiratory rate, or blood jn’cssurc. Only one of the ten 
dogs died of acute cardiac failure. At autopsy the infarcts were all 
smaller than those found in hearts of similar size in the other group of 
dogs. 

The dogs with stellate ganglia intact were quite definitely much 
more affected by coronary ligation. There was no great difference 
between the two groups in pulse, respiration or blood pressure, but rest- 
ing cardiac output in this group became elevated considerably after 
coronary ligation and remained elevated. Five of the ten dogs died 
of acute cardiac, failure very typical of the cardiac failure seen in 
human cases of coronary disease, and all of the hearts of this group 
exhibited larger infarcts than hearts of similar size in the other group 
of dogs. 
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EXPERIMENTAL EXTRASYSTOLES ELICITED THROUGH 
ARTIFICIAL STIMULATION OF THE ENDOCARDIUM 

OF THE DOG^ 


I. Marcu, M.D, 

Bucharest, Roujmania 

' I ’HE generally accepted interpretation of electroeardiograins sup- 
posed to represent the activity of the right and of the left ven- 
tricle has been subjected during the last few years, to a rigorous re- 
examination. This reexamination Avas stimulated chiefly by the Avork 
of Barker, MacLeod and Alexander avIio demonstrated that in man 
extrasystoles evoked by. mechanical stimulation of the cardiac surface 
do not conform Avith the generally accepted characteristics of IcAm- 
and dextrocardiograms. Falir, on purely theoretical grounds, had al- 
ready expre.ssed doubt as regards the Auilidity of the interpretation of 
bundle-branch block. Oppenheimer and Oppenheimer arrived at simi- 
lar conclusions as a result of a detailed study of a large number of 
.bundle-bi’anch block eases. These authors succeeded in demonstrat- 
ing the inadequacy of LeAvis’ aucavs upon the electrical representation 
• of the left and right side invoh’ed in either type of bundle-branch 
block. Similar to Lcaa’Is, avIio based his vieAvs on clinical findings, 
these authors also based their eA'idence on clinical and more elaborate 
■ aiiatomicopathological inA’e.stigation. Wilson, MacLeod and Barker 
.applied a similar reasoning to the interpretation of preponderance 
ciuwes. 

Experimental iuA’e.stigatious of the problem Avere completely dis- 
regarded, a fact AAdiich is not surprising in aubav of the dHergent re- 
sults obtained in animal experiments as regards localization by the 
.electrocardiogram of the origin of artificialU" induced beats. NcA^er- 
theless, Roberts and his coAvorkers brought foi’Avard experimental evi- 
dence obtained in animals, after transection of one bundle-branch, 
Avhich is in complete agreement AAoth the results obtained b.y Barker 
on man. 

As regards the inA’'estigation of extra beats no further systematic 
experimental studies on animals Avere reported. This is probably due 
to the fact that the results obtained by stimulation of the surface of 
the heart are usually not concordant. It is, hoAvever, necessary to 
mention that Barker ^s findings in man agreed at least Avith some 
aspects obtained by Rothberger and Winterberg on animal material. 

It is generally accepted that the Purkinje system is the chief source 
of ventricular .extrasystoles. Inducing extra beats by stimulation of 
the cardiac surface appears, therefore, as a most unnatural method 

"From the First Medical Clinic of the Bucharest University. 
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for an experimental reproduction of spontaneous extras.ystoles. In 
order to approach conditions which seem to prevail in the case of 
spontaneous extra beats, I endeavored to evoke extrasystoles in dogs 
bj' mechanical stimulation of the inner surface of the ventricular cavity. 

Experiments were performed on large dog.s, anesthetized with sodium pheno- 
barbital or morphine. The slow heartbeat ob.served under morphine anesthesia 
was found helpful in the experijiients. Tlic electrocardiogram was taken with the 
Cambridge string galvanometer in the usual three leads, ordinary plate electrodes 
being introduced under the .skin of the re.speetive limbs. An ordinaiy Kodak 
cable release of an appropriate length was used for stimulation purposes. The cable 
release was introduced into tlie left ventricle through the carotid artery, and into the 
right ventricle through the right jugular vein, the thorax of the animal remaining 
closed. An appearance of sudden irregularities in the blood pressure curve, duo to 
missed beats, indicates that the cable release has reached the ventricular cavity. 
It is then fixed, by tying a ligature round the respective blood vessel, in such a 
position that the cardiac contractions again become regular. Once the cable release 
is fixed, a pressure on its pushpin invariably evokes extra beats, provided that the 
pin reaches the endocardial surface and provided that the stimulus does not fall into 
the refractorj’- period. Post-mortem examination clearly reveals the actual point 
which had been stimulated, as it appears as a pale spot or sometimes as a small 
blood effusion. 

In experiments performed on twenty-six dogs I failed to observe even 
once electrocardiogTaphic aspects Avhich are nsually alleged to represent 
the corresponding ventricle. Stimulation of the left ventricular endo- 
cardium gaA’'e rise to an extra beat which invariably displayed in Lead 
I an electrocardiographic aspect Avhieh hitherto has been considered 
to represent the right ventricular type. Inversely, right ventricular 
extrasystoles evoked by stimulation of the right endocardium gave in 
Lead I an electrocardiogram usually regarded as that of the left ven- 
tricular type. Lead III showed in the majority of cases a deflection 
in the direction opposite to that of Lead I, i.e., .still displaying charac- 
teristics contrary to those which are generally accepted. Sometimes 
the main deflections in Lead I and Lead III were in the same direc- 
tion, displaying, therefore, a concordant type and resembling some of 
the electrocardiograms obtained by Rothberger and Winterberg in 
epicardial stimulation. 

Figure 1 shows a tracing obtained in the dog, in Aidiich left ventricu- 
lar extra beats were evoked by stimulation of the coiTe.sponding endo- 
cardium. The extrasystoles display a downward deflection in Lead I 
and diphasic curves in Leads 11 and HI, in the latter ease the fir.st 
Lead III a transition betiveen a definite upward deflection as illus- 
trated by Fig. 3 and a simple downward deflection, sometimes met 
Avith AA'heii the stimulus proA'es to hav'e been applied near the ajicx of 
the heart. No such Auiriations are presented Iia* Lead I, Avhich iuA’ari- 
ably shoAvs Avith endocardially eA'oked forced beats a main deflection 
opposite to tliat Avhich Avould be expected on the basis of the classical 
interpretation. 
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Right YentriewlaT extrasystoles elicited through mechanical stimu- 
lation of tlie right endocardium, as shown in Pig. 2, display an up- 
ward directed deflection in Leads I and II and a downward directed 
main deflection in Lead III. Again, there mai' he some variations in 
Lead III, but Lead I invariably shows an electrical deflection which 
is the reverse of that generally looked upon as representing right ven- 
tricular extra beats. It is important to emphasize the constancy of 



Fig. 1. — ^Left ventricular forced beats in dog weighing 21 kg. and anesthetized with 
morphine and phenobarbital. Cable release introduced into left ventricle. Canine 
electrocardiograms in the usual three leads, with string sensitivity 1 cm. correspond- 
ing to 1 mv. Horizontal lining in millimeters, vertical time marking in fifths of a 
second Uiroughout all figures. 

Left ventricular extrasystole of aberrant diphasic type, evoked through mechanical 
stimulation of the endocardium, interfering wdth the sequence of normal heartbeats. 

the electrocardiograpliic aspects displayed by the extra beats induced 
by endocardial stimulation. 

Ill some instances, extrasystoles which are induced by mechanical 
stimulation of the endocardium are followed by spontaneous extra 
beats; these displaj^ the same electrocardiographic aspect. Pre- 
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quently, tiuclev these conditions, groups of spontaneous extra beats of 
identical type can be evoked by occlusion of the aorta or by faradic 
stimulation of the extracardiae nerves. Figure 3 shows left veutrieii- 
lar extrasystoles ndth a downward deflection in Lead I and an upward 
deflection in Lead III. The first extra beat in each lead is forced 
through endocardial stimulation; the second is spontaneous. Both 



Fig-. 2. — Right ve:itricuiar extra beaCs in dog weighing 22 kg. and anesthetized 
•with morpliine. Cable release introduced through jugular vein into the ventricle. 
Right ventricular e.xtra.sy.stoic of aberrant diphasic type, evoked through mechanical 
stimulation of the endocardium, to be seen disturbing tlie normal rliythm in all three 
lead.s. 


exti'a beats display almost identical aspects of their electrocardio- 
graphic records. The same happens in the case of right forced and 
spontaneous extra beats as can be seen from Pig. 4. 

It is of intere.st that in normal animals spontaneous extrast’stoles 
sometimes occur during a tempox'ary occlusion of the aorta, display- 
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ing an electrocardiograpliie aspect wliieli is identical wnth that ob- 
served in forced endocardial left ventricular extra beats. 

There is a definite discrepancy between my observations and those 
of Rothberger and Winterberg, made with extra beats of epicardial 
origin. Tlie following considerations should,, however, be taken into 
account. Leivis has shown that an artificial wave of excitation initi- 
ated by stimulation of the cardiac surface, has to penetrate through 
the Avhole thickness of the muscle and reach the Purkinje network 
before it is picked up and conveyed to the whole lining of the heart. 
Lewis also states that in the ease of the thick left ventricular wall the 



Fig’. 3.-7-Dog weighing IS kg., anesthetized -with phenobarbital anestliesia. Elec- 
trocardiograms in Lead I and Lead III. 

First premature beat interfering with the normal rhythm in each lead is forced 
tlu’ough mechanical stimulation of the inner surface of the left ventricle. The second 
to be noticed in each lead is spontaneous; note its almost identical aspect. 



Fig. 4. — ^Dog weighing 23 kg., anesthetized by phenobarbital. Left group of records 
in Lead I, right group in Lead III. 

First of each displaying an e-xtrasystole elicited through mechanical stimulation 
of tlie right ventricular endocardium, the second, a spontaneous extrasystole with 
similar electrocardiographic aspect. 


propagation rate is greater along the surface of the heart than across 
the muscle itself. Thus an excitation wave initiated by a stimulus 
which is applied to the surface of the left ventricle at a point not far 
removed from the interventricular septum may travel along the sur- 
face of the heart and penetrate through the thin wall of the right ven- 
tricle before it lias time to penetrate through the thick wall of the 
left ventricle, the right Purkinje network being then stimulated first. 
Experimental support is to be found in the observations made by 
AViggers on the spread of impulses originating from artificial heart 
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surface stimuli. Stimulation of the surface of the left ventricle may . 
thus, in certain cases, evoke a right ventricular extrasystole. It is 
very likely that Barker happened to apply the stimuli to such i)oints 
of the heart surface as did not lead to responses open to controversy 
and which definitely evoked extrasystoles of the corresponding type. 

The method of eliciting ventricular extrasystoles through endocar- 
dial stimulation supplies further evidence against the usually accepted 
interpretation of the levo- and dextroeardiogram. 

The results obtained are in complete agreement with the experi- 
mental and clinical evidence recently advanced in the literature. 
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A STUDY OP THE ESOPHAGEAL LEAD IN CLINICAL 
ELECTROCAPDIOGRAPHY^'t 


Part II. A^sr Electrocardiographic Study of Auricular Disorder.s 
IN THE Human Subject by Means op the E.sophageal Lead 

W. Hurst Brown, B.M. (Oxon), M.R.C.P. (LoND.)t 
Toronto, Ontario 

I N A recent eommnnication^ the theoretical and practical considera- 
tions pertaining to the use of the esophageal lead in clinical elec- 
trocardiography were subjected to critical assessment and the results 
of applying this method to 15 normal subjects and 35 patients with 
cardiac disease were noticed and discussed. A study has now been 
made of 92 additional clinical cases exhibiting abnormalities in the 
function of the auricles. 



Fig- 1 K Patient P. A case of .simple auricular tachycardi.a. Lead 11 a.'; de.«i?r- 

nated Curves P, E and C are esophageal electrograms from the regions indicated 
in Fig. 4 A part I.= Subsequentiy at a normai rate of lioart action tlic o.sophageal 
lead yielded precisely similar complexes from these respective regions. 


Owing to the diversity of conditions investigated in tlie lu’csent re- 
port, the subject matter has been divided into two parts; Section I 
is a miscellany comprising a vailety of conditions— auricular taeliy- 
cardia, mitral stenosis, liypertcnsive heart disease, myxedema and ex- 
amples of hidden P-waves; Section II treats of aurieiilnr Huttcr and 
auricular fibrillation. 


section I 


Aw'icnUr Tac1iycardm.~Fo\\v cases of anricnlar tachycardia were 
studied. Two were examples of simple sinus tachycardia, and two were 
paroxysmal in nature. Tlic former (Fig. 1.) showed P-waves which 
Averc in all respects, apart from their rale, similar to the P-wave.s of 

♦From the Cavdlographic Lahor.-xtory of the Johns Hopkin.s Hospital and University. 
tPresented in nb.<^tract before the American Heart Association, Atlantic City. 

June 11. 19S5. , , . 

tBingbam Fellow in Medicine, Johns Hopkins Unix ersitj . 

cTime- OOi '=oc. in all ill-i.«tr.ations e.vcoptinp those inehtding txvo or three 5 tnnc.== 
whin it is 0.2 see. Standardization: 1 mv. = 10 mm. nnles.s otherwise 

307 



308 


THE AJIEHICAN HEART JOURNAL 


the esophageal curves obtained in the same patients at normal rates of 
heating. The paroxysmal curves, on the other hand, were remarkable 
and merit further discussion. 

The first example, taken from a man thirty years old who suffered 
from severe hyj)erthyroidism (B. IM. E. +68), is illustrated in Fig. 2, 
Esophageal electrograms are shown from two auricular sites during the 
tachycardia and from the same points after the reversion to normal 
rhythm which followed thyroidectomy. The similarity of the form of 



Fiff. 2. — ^Patient H. D. Record."! fron) a case of paroxysmal auricular tachycardia 
taken during an attack and upon rccover.v. Lead II as designated. The esophageal 
records were obtained from tlie same auricular sites, re.spectively, at the two rates 
of beating. Tlie letters on the esopliugeal curvo.s refer to tlie regions marked in 
Fig. 4.V, Part I.^ A 2-to-l heart-block is prc.sent. (See te.xt for discussion.) 


the P-waves at the two rates of heating, as taken fi’om Ihc same auricular 
areas, is strong evidence against an ectopic focus as the source of the 
tachycai’dia. If Ihe responsible focus is ectopic it must lie extremely 
near to or, jiossibly, actually in the sino-auricular node. 

There is an added and very important feature. The ventricle is re- 
sponding to alternate heats of the auricle. The fact that a 2-to-l A-Y 
block is prc-sent is revealed on careful examination of the ventricular 
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complexes before ai\d after recoveiy. In the normal or postoperative 
eso])liagCtiI ciiiA os the upstroke of tlie S-wave merges smoothly into 
the beginning of the b-T segnient; wliereas in the curves showing tachy- 
cardia, there is an u])wardly diroeled spike at the end of the S-wave. 
It is apparent also in one esophageal record that the hidden P-wave 
responsible for this abnormality varies slightly in its time of occur- 
rence and alters the distribution of voltage in the QRS complexes by 
adding now to the R-wave and now to the S-wave. Tlie rate of the 
auricle in this example must therofove be taken as being between 286 



p|r- 3 — Patient S. P. Conventional Leads I, 11, and III from a case of paroxysmal 
auricular tachveardia. Records of S&rics a v.-ere obtained during heavy digitahs 
administration- Scric.s i), during a period of transiioi-y auricular fibrillation before 
reversion to normal rhythm. (See text for full description of the case.) 

and 300 beats per minute, a fact that was not suspected until after 
recovery, when the second esophageal examination revealed the true 
state of affairs. 

The second case of paroxysmal tachycardia is of exceptional interest. 
Because it is believed to illustrate a very nnnsual clinical condition, 
it is deemed expedient briefly to descrilje the clinical history and 
findings. 

The patient was a well-ivourislied, excitable, Jen-ish woman, aged forty years, 
who gave a vagne history of Theumatie pains in cldldhood. Trom the age of 
seven, at which time she was told she had ‘Hieart trouble,’' she was subject to 
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exertional dyspnea. When she was thirty-two years old, she began to experience 
attacks of palpitation. The attacks began with lightning swiftness and subsided as 
quieklj'. At first these were of .short duration but in January, 1935, tlie disorder be- 
came persistent. She had noticed that the attacks could often be terminated by 
holding her breath. At times there was severe substernal pain radiating to both 
arms, to the left shoulder blade, and to the neck. Swelling of the ankles, produc- 
tion of frothy blood-tinged sputum, and a terrifying feeling of weakness accom- 
panied these episodes. Slie was admitted to the Sinai Hospital in Baltimore on 
Jan. 5, 1935, and a tentative, though disputed, diagnosis of auricular flutter was 
made. Auricular fibrillation was induced by the administration of a total of two 
grams of digitalis over a period of seven daj’s. The fibrillation persisted for two 
days, after which spontaneous reversion to normal rhythm occurred. Figure 3 shows 
conventional records during the period of heavy digitalization and the period of 
auricular fibrillation.* Tlie patient was discharged on Feb. 14, 1935, without con- 
tinuance of digitalis therapy. Three weeks later (March 8, 1935) she was admitted 
to the .Johns Hopkins Hospital in considerable distress and severe pain of the tj’pe 
described above. On examination the ventricular rate was counted at 107 per 
minute. Venous pulsations of the veins of the neck were readily discernible at 
about twice this rate. On four occasions in as many days the patient was prostrated 
for long periods with severe pain, great apprehension, dizziness, orthopnea, e.xtreme 
cyanosis, accompanied bj' frothy, blood-flecked sputum. During these periods the 
radial pulse became over 200 to the minute and the venous pulsations uncountably 
rapid. Vagal pressure was responsible for an occasional dropping out of auricular 
complexes at this rate (In in Fig. 4), but at the usually prevailing rate only a 
slight decrease in the rate of the ventiiele was observed. Electrocardiographic 
tracings at tlie slow rate showed a 2-to-l block, with an auricular rate of 214 
and ventricular rate of 107 per minute. During the more severe paroxysms the trac- 
ings showed an exact doubling of both these rates. Digitalis therapy was instituted 
and continued despite the appearance of severe toxic symptoms until, when 2.1 
gm. had been given in seven days, the rhythm reverted to normal. She was dis- 
charged on April 13, 1935, after a carefully graduated cour.se of physical therapy 
and exercise, on a maintenance dose of digitalis. This was eflicacious in preventing 
a reappearance of the arrhythmia for a period of five montlis. 

The clinical diagnosis presented a problem of considerable difficulty owing to 
the presence of har.sh systolic and diastolic murmurs at the pulmonary area and 
softer but independent double murmurs at the apex. There was considerable enlarge- 
ment of both auricles and of the pulmonarj’ conus. The possibility of pulmonary 
and mitral stenosis in the presence of a patent interauricular septum was enter- 
tained. The paroxysms were generally accepted by various clinicians as being 
due to auricular flutter. 

The records of this ease are shoAvn in Fig. 4. Curves la and Ih show 
the conventional Leads II and III, respcelively, at the fast rate (auricles 
428 per minute). Of interc.st are tlie occasional instances of auricular 
block occurring during vagal pressure. This feature in association with 
the very fast i-ate at once throws .suspicion on a diagnosis of auricular 
flutter. Curves 2a, 2h, and 2c show the conventional Leads I, II and 
III find cuiwes 2d, 2c, and 2f, the esopliageal electrograms at the 
usually prevailing rate of 214 auricular contractions per minute. Curves 

•The writer Is greatly indebted to Dr. Austrian and Dr. ICatzensteln for their 
courtesy in permitting examination of the patient at the Sinai Ho.spital, for the per- 
mi-s-slon to pubiish the records in Fig. 3, and for the opportunity of furtlicr study of 
the patient at tlie Jolins Hopkins Hospital. 
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Fig-. 4. — Patient S. F. Paroxysmal auricular tachycardia showing conventional and esophageal records. The figure is fully 

described In the text. 
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Sd, 3e, and 3f, taken at the same rate, are esopliageal electrograms taken 
near the height of digitalization while 4d, 4e, 4f, and 4a, 4b, 4c, respec- 
tivelj’', are esophageal and conventional Leads I, II and III after 
recovery of normal rhjdhm. All electrograms licre compared; are from 
corresponding auricular sites. Series “d” are from the lower part 
(corresponding to region G in Fig. 4 A, Part I®). Series “e” arc 
from a point 2 cm. above “cl,” and series “f,” 2 cm. above “e.” The 
unmarked esophageal curve photographed at double camera speed is 
taken at the habitual or persistent cardiac rate (auricles 214 per 
minute) . 



*Figr. 4.r. — Drawing of a po.sterior .“iurface of tlie human lioart to illustrate the posi- 
tion of the esophagus in relation to tiie left auricle and the left ventricle. The lettered 
areas indicate the regions tapped by the electrode. 


The csnveutional records have tAvice been erroneously diagnosed as 
auricular flutter. Certainly the combination of definite, if defonned, 
P-AtmA'cs in the esophageal cuiwes in the presence of an unmistakable 
return to.-the isoelectric line is proof that at the usually prevailing rate, 
214 auricular and 107 A'cntricular contractions per minute, a 2-to-l block 
of an auricular tachycardia Avas pre.sent. AVhen the records of this and 
the preceding patient are compared Avith the e.xam])lcs of true flutter 

•Reprinted from Brown, A\" H. : .V Study of the Bsophagc.il l^cad In Clinical Elfic- 
trocardiograph.v. Part I. AM. Hcart J. 12: l,’l936. 
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(Section 2), theic can bo no doubt that llie nieclianisms nnderbying 
the two conditions are quite dissimilar. This point receives additional 
stress in the later discussion of auricular flutter, but for the present 
these two cases are offered as evidence tliat 2-to-l A-Y block does occur 
in paroxysmal auricular tachycardia and that the auricular rate in 
this condition may rise, certainly to 300, and very probably as high 
as 428 beats per minute. The regrettable lack of esophageal electro- 
grams at the faster rate makes certainty impossible, but the probability 
that the mechanism responsible is still that of paroxysmal tachycardia 
and not flutter is strengthened by the curious dropping out of auricular 
complexes seen in conventional Lead II {la in Pig. 4) on vagal pres- 
sure. There also seems to be little doubt that the focus from which 
the abnormal rhythm arose is different from that responsible after nor- 
mal rh^'thm was reestablished, but there is such gross deformity of the 
P-waves in both esophageal and coiiA-entional curves under conditions 
of normal rhythm that the matter cannot be settled with finality. 

The markedly abnormal character of P-waves of the esophageal elec- 
trograms in this case is the subject of reference later in this report. 
A most remarkable feature in this connection is that, although the patient 
was examined on ten separate occasions, the only area of auricular muscle 
to yield defined intrinsic deflections in the auricular complex was the 
lower pole of the left auricle. If the electrode was raised 2 cm. above 
this area, despite the fact that the auricles were larger than normal, the 
P-eomplexes lo.st all trace of a sharply defined intrinsic deflection. The 
degree of P-wave deformity is best appreciated by comparing the curves 
under consideration with the normal curves of Fig. 4 B, Part I,® but 
the underlying cause of the deformity remains unknown. 

Mitral Stenosis .— and Steshinsky^i long ago poijited out in 
cases of mitral stenosis that the character of the P-waves in conven- 
tional leads changes with the clinical condition. In a patient who had 
high P-waves, they observed that, as congestive failure developed, the 
P-waves became of progressively lower amplitude. 

The first point of interest in the present study of twenty-four eases 
of suspected mitral stenosis with normal rh^vtlim is to deteimine vhethei 
the height of the intrinsic deflection in the esophageal electrogram is 
greater°when the amplitude of the P-wave of Lead II is increased. 
Figure 5 provides an answer to this cpiery and is an example of a icla- 
tionship found in nearly all eases uncomplicated by congestive failure. 
In o-eneral, a high or low P-wave in conventional Lead II yields rcspec- 
ti\m1y great or small amplitude of intrinsic deflections in the electro- 
grams. 

The twenty-four eases were divided into four groups; A, patients 
who had had rheumatic fever but who had neither a diastolic mitral 
murmur nor discernible enlargement of the left auricle; B, patients 
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who had diastolic mitral murmurs and slight enlargement of the left 
auricles; C, patients who had diastolic mitral murmurs, large left 
auricles but no sign of congestive failure; D, patients with mitral steno- 
sis and in congestive failure. A study was made of tlie esophageal 
records in each of these eases. In every instance at least six such 
records were taken from the various auricular sites, and those wliich 
showed greatest amplitude in the P-waves were chosen for comparison 
with the noi-mal control scries. 

Those eases which fell into Group A showed electrograms which 
could not be distinguished from the normal controls. Those in Groups 
B and C showed increased height of the intrinsic deflections as in Pig. 5. 
The cases in Group D all showed some, and often a very marked, 
diminution of the amplitude of the intrinsic deflections (Fig. 6). 



Fig. 5. — Patient H. M., with mitral steno.sis. Sl?nultanoous records from the 
esophageal lead and con\cntionaI Ijcad II to illustrate that high voltage P-wavos in 
conventional leads are repi-esented by an increased amplitude in the intrinsic deflec- 
tion of esophageal electrograms. 


In addition to these findings, another abnonnality of the P-waves 
of the electrograms was frequently seen. This was a deformity or 
slurring of the extrinsic waves (.see Fig. 4 B, Part I® for comparison). 
It oceuiTod most frequently in Group D. The curves shovm in Fig. 7 
were obtained from a man who had on four separate occasions been 
admitted for congestive failure, with noiTnal rhythm. He was the only 
patient in this series of cases of mitral stenosis who developed auricular 
fibrillation and in whom a com])arison could be made of the electro- 
grams in both rhythms. Of like impoHance was the case of mitral 
.stenosis considered in the .section on auricular tachycardia (Fig. 4). 
In the records obtained after normal rhythm was reestabli.shod there 
was only one auricular site which yielded electrograms .showing no 
serious defonnity of the P-wave. In the other two e.sophageal curves 
which were obtained when the electrode was contiguous to the middle 
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and npper portions of tl,e dilated left auricle, striking deformities of 
llic wave wore present. 

On tJie slendei' evidenec wiiicli these fe.w eases provided, it is mani- 
festly impossible to arrive at definite conclusions. It is, nevertlieless, 
fair to suggest that these gross deformities of tlic P-wave of the elec- 
tiogiam indicate interference with the even .spread of the excitation 
wave. No post-mortem evidence is as yet available to aid in the inter- 
pretation of what these changes mean in terms of the underlying' 
pathology of the anricle. It can only be said tliat deformities of this 
character iirecoded by four months the onset of aurienlar fibrillation 



PipT. fi. — Piitient L. P. Prom a case of mitral stenosis. Lead II and two examples 
of esoplmpieal leads. The latter .sliow decreased amplitude of the intrinsic deflection 
with .slun'ijip of tlio cxtrin.Hio poi'tions of the eomple.x. 



pjp 7. Patient T- G, Lead II and three esophageal leads from a case of mitral 

stenosis in congestive failure. The esophageal curves show marked slurring of the ex- 
trinsic parts of the complex. (.See text.) 

in one case and that they both preceded and followed attacks of very 
rapid tachycardia (np to 428 per minute) in the other. The facts do, 
however, si'ive grounds for the belief that a wider nse of the esophageal 
lead in eases of mitral stenosis would soon yield evidenec of considerable 
prognostic value. 

Jly-pertension . — Increased amplitude of the P-waves of conventional 
leads is most commonly found in pulmonary and mitral stenosis and in 
h^qiertension.^’ 

Esophageal leads have been taken in twenty-eight cases of hyperten- 
sion. It may be said that the same general relationship between the 
height of the intrinsic deflection of the esophageal electrograms and the 
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amplitude of tlie P-wave in Lead II holds here as in mitral stenosis. 
The appearance of congestive failure has also much the same effect in 
diminishing the amplitude of the intrinsic deflections. 

There are, however, certain differences between tlie auricular electro- 
grams in the two diseases. In severe hypertension the intrinsic de- 
flections start far below the isoelectric line and seldom rise much above 
it (Fig. 8), whereas in mitral stenosis the greater part of the intrinsic 
deflection usually lies above the isoelectric line. The initial belief that 
both the distinctive character and the increased amplitude were de- 
pendent upon the actual degree of hypertension (blood pressure levels) 
has been proved to be unsound. The entire series of 142 cases was 
then I’eexamined to discover the clinical associations of the occurrence 
of P-waves of this particular type. Eighty per cent (22 cases) of 
those which showed such P-waves had diastolic pressui’cs of over 110 
mm.; the remainder had diastolic pressures ranging from 107 to 55 and 
included two eases of severe aortic insufficiency. On the other liand, 
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Fip. 8. — Patient E. C. From a case of severe hypertension showinij tlie charac- 
teristic type of P-wave in the c.sophageal electrogram.? in this condition. There is 
al.so a .splitting of the QRS complex which is probably indicative of intraventricular 
delay. Tlie letters G and E indicate the levels of the e.^ophageal electrode in terms of 
Pig. 4A. Part l.= 


some eases of early, though severe, hypertension did not exhibit the 
type of P-wave under discussion. 

After further investigation it has been found that the downwardly 
projected P-waves of the electrogram occur in the presence of great 
enlargement of the left ventricle. AVith the discovery of this common 
denominator the temiflafion is .strong to .sugge.st the following explana- 
tion of the findings : If, in the absence of enlargement of the left auricle, 
the left ventricle is enlarged sufficiently to displace the heart back- 
ward and, by its impingement on the chest wall, to the right; then the 
total effect is a relative “displacement’* of the e.sophagus to the left. 
This change in turn causes an increase in the amount of auricular 
musculature l.ving between the e.sophageal electrode and the sino- 
auricular node. The net J-esult is, therefore, a displacement of the 
intrinsic deflection, for any given esophageal site of the eleeli’ode, to a 
])osi|ion relatively later in the P-wavc than would normally be the ease. 
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The wave (Fig. 5, Part P^) is therefore prolonged and the wave i 
starts and finislies, respectively, lower and later than nsnal. 

The cxperimenOiI basis lor the above theory is implied in tlie work of Lowi.s, 
Mcaiuns, and tVhite.is Fnvtlior eonhrmation is presented in Fig. 9, taken from an 
expenmeut on ti dog weighing 11 kg. The operative and galvanometric details are 
similar to those described in Part I. Fig. 2.^ The leads are also similar e.xcept that 
in this experiment two direct leads (by wool extensions from nonpolarizable 
kaolin-.saline <mpper-sulphate electrodes) were fixed to the right auricle, and each 
galvanometric circuit was completed tlirough indifferent electrodes on the left 



In the onset of the Intrinsic deflection is indicated by the lower dotted line. (For 
further details see text.) 


hind leg. The lower curve is taken from an electrode placed near the base of the 
appendix and the middle curve fi'om an electiode 15 mm. neaiei the 
tip of the appendix. Upward deflections in the records indicate electronegativity 
of the direct electrodes. Lead II is shown above. 

The intrinsic deflection of tlie direct lead taken farthest from the 
node occurs 0.0184 sec. later than the intiinsic deflection 
from the body of the auricle and begins far below the isoelectric line. 
The differences in time of occurrence and in form of these two intrinsic 
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deflections are attributable solely to the fact that excitation at the distal 
electrode occurred later than at the proximal. This in turn is due to 
the fact that the proximal electrode was about 15 mm. closer to the 
sino-auricular node than was the distal electrode. 

This hypothesis was also put to a simple clinical test in flve normal 
subjects. The esophageal electrode was passed to a depth at which it 
lay in a position corresponding to region F (see Part I, Fig. 4 A“). 
Records were then taken with the subject lying first on the back and 
then on the right side. Comparisons of the records in each instance 
consistently showed a slightly later and lower onset of the intrinsic 
deflections when the subject was in the lateral posture than was seen 
in those records obtained in the supine position. The intrinsic deflec- 
tions also did not rise as high above the isoelectric line when the patient 
was lying on the side. The.se findings were attributed to a shift of 
the heart to the right, resulting in a relative though slight displace- 
ment of the esophagus to the left. 



Kip. 10. — Patient O. G. Conventional Lead II and three e.';opIiagreaI curves. Case 
of myxedema. B.M.R. = -30. Note that there arc no intrinsic wave.s in the esophageal 
electrograms and that tlie voltage remains low in these records. All curves standard- 
ized 1 mv. = 10 mm. 

Myxedema and Jlypcrthyroidisin . — Only four cases of myxedema and 
five of hyperthyroidism are included in the pre.sent scries. It is not 
proposed in this report to discuss at length the findings in hyperthy- 
roidism apart from those instances in which the condition is associated 
with particular arrhythmias. The P-waves of the hyiierthyroid patients 
with normal rhythm show an apparently normal contour, with an ampli- 
tude of the intrinsic, waves within the upper range of normal findings. 
Ceidain pecnliarities of detail maj- be reported at a later date, but the 
findings have not yet been subjected to full experimental proof. 

Zondek,"'' in his original paper, pointed out that low or absent P-waves 
were a characteristic of the myxedematous heart. After the controver.sy 
over the cause of the low voltage in electrocardiographic curves in 
myxedema (Leng,’" [Means, White, and Kranz--), this finding was 
relegated to obscurity from which it has been recently revived by Tung®® 
and Hallock.® 

In the myxedema cases of this series there was a remarkable distor- 
tion of intrtnsic deflections of the P-waves in e.sophageal electrograms. 



BROWN : ESOPHAGEAL LEAD 


319 


III one instance this appeared in the absence of either clinical or radio- 
logical evidence of enlargement of the heart. In the only case (Fig. 10) 
which showed loiv voltage in conventional leads, and in which great 
enlaigenient of the heart was present, not only were the P- waves greatlj' 
defoimed but there was no increase in the voltage of the ventricular 
curve in the esopliageal records. 

Although the number of cases investigated is very small, the results 
suggest that not only is the low voltage of myxedematous hearts to be 
explained on a basis of an inherent defect in the myocardium and not 
to increased skin resistance, but also that one of the earliest signs of 
myxedema heart ' ’ is to be found in decreased voltage and slurring of 
the intrinsic deflection of the auricular comiilex in esophageal leads. 

The, Use of the Esophageal Lead in the Discovery of Hidden P-Waves. 
— In the experience of everyone who has studied large numbers of 



Fig 11. — Patients S. A. and P. S. Two examples of retrograde P-waves shown 
hidden in the T-waves of ventricular extrasystoles are indicated by crosses. In the 
double record the esophageal lead shown above has been obtained with the electrode 
below the level of the left auricle. In the single string record the esophageal electrode 
lies near the upper pole of the left auricle. 

electrocardiographic tracings, there occur instances when it is virtually 
impossible to be certain of the position and presence of the P-wave. 
In the present series a few interesting examples of this have been en- 
countered. Mention has already been made of one case of auricular 
tachycardia in which the use of the esophageal lead supplied evidence 
of a* decisive character (Pig. 2). Two additional examples merit illus- 
tration. 

In Pig. 11 are shown two examples of hidden P-waves occurring as 
the result of retrograde excitation of the auricle in cases of ventricular 
extrasystoles. The character of these P-waves clearly denotes their 
ectopic origin. A curious feature of retrograde P-waves as seen in the 
esophageal'^curves is also illustrated, namely, the remarkable amplitude 
and definition of the waves, when compared with those of sinus origin. 
It has already been shown (Pig. 4 B, Part F) that, when the esophageal 
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electrode is situated bcloAV tlie level of tlie lower pole of the left auricle, 
the P-waves lose their iutrinsie deflections and become poorlj- defined. 
It is to be anticipated that retrograde P-wavcs would undergo similar 


conventional leads 



OESOPHAGEAL LEADS 



3S 



ON RECOVERY 



Fffr. 12 — Patient E. 1.. Conventional and eRopIinpcal leads taken from the same 
patient at two different rliytlims. Conventional leads dnrins: 2-to-l block are in- 
dicated abo\x-. The sc-Krop-ated eipht records in the central part of the flpure are 
e-sophageal leads obtained with the electrode at the depth in centimeters indicated 
below each record. The lower line shows Lead JI and two osophapoal electrograms 
on rocoverj' of normal rhythm. 


cliiingos. This ajipeai-s, however, not to be the cose, for this type of 
wave as well as eerlain otlier types of ectojiic P-waves reiiniins sharply 
defined in electrograms obtained from the ventricle. It is difficult to 
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provide a convincing explanation of this fact thongli the possible early 
excitation of the sleeve of mnscnlature on the inferior vena cava may 
be the canse. 

Another, thongli not quite perfect, example of hidden P-waves is 
shown in Fig. 12. The practice of showing only sample curves, which 
has, in the interest of space, been followed in other examples, is here 
departed from, and esophageal curves from all levels of the electrode 
are included. This serves not only as a demonstration of the way in 
which the method has been applied to the subjects of the scries as a 
whole, bnt is instructive in showing the abrupt change in the character 
of the P-wave once the electrode has lost its proximity to the auricle. 

From a cursory examination of the conventional curves the diagnosis 
is extremely likely to be one of first degree heart-block, but closer 
scrutiny leads to the detection of abnormalities in the form of the 
T-waA'es of Lead IT. The esophageal curves give a clear explanation 
of this small discrepancy and c.stablish the diagnosis of 2-to-l heart- 
block beyond all doubt. xVfter the upper limit of the auricle has 
been passed (between positions 33 cm. and 32 cm.), there is a rapid 
return of the P-wave to obscurity, and in the last position (27 cm.), 
where the electrode is l.ving near the arch of the aorta, the euiwe is 
very like that of conventional Lead 11. 

RccapiUdation of Scciion I 

The value of the esophageal lead lies in its exploratory principle. 
Its application in this capacity to the left auricle produces electrograms 
of a perfectly definite nature : the P-waves having an increased ampli- 
tude, a polyphasie form, and showing an intrinsic deflection. In a 
comparative study of the form of the waves under conditions of disease, 
decisive evidence has been forthcoming in regard to the distinctive 
character of auricular tachycardia as contrasted with auricular flutter. 
So far as functional disturliances of the auricle arc reflected in electro- 
motive changes, the esophageal lead is of great value in detecting the 
latter. In a limited number of cases of mitral stenosis and of mj^xedema 
the findings have strongly suggested that a wider use of the method 
might soon produce information of diagnostic and prognostic impor- 
tance. The use of the method for the discovery of hidden P-waves has 
been demonstrated. 

Summary of Section I 

The esophageal lead has been employed in a study of certain abnor- 
malities of the auricular complexes and of the rhythmic function of the 
auricles in sixty-seven human subjects. 

Esophageal (auricular) electrograms from patients illustrating the 
following conditions have been reproduced and discu.ssed. 
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Auricular taeliyeardia; simple sino-aurieular and paroxysmal types 
(the latter showing 2-to-l heart-block). 

Mitral stenosis of varjnng grades of severity. 

Hypertensive heart disease. 

■Myxedema and hyperthyroidism. 

Hidden P-waves in heart-block ai\d retrograde excitation from ven- 
tricular sources. 


SECTION n 

The Esoplmgeal Lead in Clinical Cases of Auricular Flutter and 

Auricular Fibrillation 

From an eleetroeardiographic point of view the outstanding contri- 
bution of the esophageal load is the demonstration of tbe intrinsic dc- 
llcetion of cardiac action currents in the living human subject.® This 
characteristic of csopliageal electrograms has been recognized by Lieber- 
son and Libersond® who were the first to publish a clinical record 
obtained by the lead. The importance of the finding lies in the fact 
that the method thus spans the gap between clinical electrocardiography 
and the results of animal experimentation. The hypotheses advanced 
to explain the various cardiac disorders as detected bj* indirect clinical 
leads are almost without exception based upon experiments on the ex- 
posed hearts of various other mammals. The transference of such 
results to the human subject has, in general, stood the test of time, but 
it has always, and legitimately, been open to a certain measure of 
doubt. This has been notably the case in regard to auricular flutter, 
auricular fibrillation, and the allied arrhythmias; for such disorders 
are usually the expression of disease, often of long standing, in tbe 
human subject. Conditions very like, if not identical to, them ina.y be 
reproduced in healthy experimental animals by an appropriate technic. 
The ciucstion arises whether the experimental findings and theories 
based upon .such findings arc wholly applicable to the human subject. 

Fibrillation has been observed occurring as the result of disease in 
horses^- and dogs-" on direct examination of the auricles of the exposed 
hearts. The gross appearances arc vciy similar to auricular fibrillation 
as seen in the experimental animal. Fluoroscopic observations of the 
auricles in human subjects .suffering from auricular flutter yield ap- 
pearances indistinguishable from those seen in experimental animals. 
The strongest evidence brought in support of the thesis that the condi- 
tion.s occurring in man are identical to those produced in animals has, 
however, been obtained by the electrocardiograph. Lewis and his col- 
laborators’' have shown that a distinctive foi'm is characteristic of 
auricular flutter waves obtiiined by leading directly fj'om the auricular 
.surface in dogs. They have shown that indirect leads obtained from 
such animals are indistinguishable in character from those occurring 
in conventional leads in human cases of auricular flutter. I\forcover, 
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tliey have advanced^®* well-founded evidence in support of the 
theory that in both animals and man auricular flutter is due to a 
mechanism characterized by a single excitatory wave progressing with 
a “circus movement.” 

It is no part of the objective of the present report to attempt to 
prove or disprove accepted hypotheses. The facts which are offered are 
of interest because they supply one missing link in the above cited 
chain of evidence. The importance of such evidence as is offered is 
magnified by the fact that most observers believe auricular flutter, im- 
pure flutter, and auricular fibrillation are due to the operation of a 
common fundamental mechanism.^^' “ 

Auricular Flutter . — Four eases of auricular flutter were studied by 
the esophageal lead. They all differed vuth respect to etiology, and, as 
all recovered normal rhythm, a comparison was possible between curves 
obtained from the same auricular sites during and after the attack. 



Pig. 13. — Patient W. E. Case of auricular flutter showing conventional Leads I, 
II, and HI and an esophageal record. Flutter waves marked P. Standardization in 
each case 1 mv. = 10 mm. 


The first patient was a busy executive aged fifty years who had 
neither history nor sign of rheumatic disease or of hyperthyroidism. 
He was severely arteriosclerotic but exhibited no hypertension. Flutter 
developed during a grave physical and mental breakdown apparently 
the result of overwork and strain. 

In Fig. 13 conventional and esophageal curves are shovn taken dur- 
ing the period of flutter. The character of the flutter waves is remark- 
ably different from the normal type of P-wave and may with advantage 
be contrasted with those of simple auricular tachycardia (Fig. 1). The 
waves have a great amplitude, quite overshadowing, in some cuiwes 
the ventricular complexes. The stride of tlie waves is very long, one 
wave being termmated as the next begins. 

After recovery on quinidinc therapy the P-waves, where they occur 
(Fig. 14), show a prolongation of both the duration of the intrinsic 
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deflection and the whole P complex. Both these factors may he due 
to subnormal eonduethnty in the auricular tissue. Here and there the 
P-waves are completely absent, and the rare condition of sino-auricular 
standstill is seen, caused in all probability by the heavy dosage of 
quinidine (14.7 gm. over a period of nine days). 

The second ease was a thirty-year-old man who had a severe grade 
of hyperthyroidism (B. B. up to +88) . Conventional and comparable 
esophageal cmwes before and after spontaneous recovery following thy- 
roidectomy are shown in Pig. 15. The great difference between the 
character of flutter and nonnal P-waves is again illustrated in this 
case. 



1I-— 'Patient W. E. Conventional Lead II and two esopliageal records from 
siibject as Fig. 13, after flutter luul disappoared on quinidine therapy. The 
osopiiagcaj eicctrograin shows an example of auricular standstill with ventricular 
^ P-waves have a longer dxwalion than normal. P-waves indicated hy 
■/ , QRS complexes by V. Standardization 1 inv. = 10 mm. 


These two examples leave no reasonable doubt that an abnormal and 
eharacleristie mechanism underlies auricular flutter. The esophageal 
electrograms of both show a close resemblance to the experimental curves 
of Lewis and his coworkers*” from the dog* They afford a clear indica- 
tion that flutter occurring in the human subject is .similar to that pi’o- 
duced artificially in dogs. 

The third case of flutter was paroxy.smal in nature. It occurred in 
a man fifty-flve yeai-s old who had suffered from occasional prostrating 
altaclvs of tachycardia over a pei’iod of nine j'cars. His history was 


direct electrodes on the auricle In contra- 
dhtirn-tlon to tliosc derived with the e.sophaseal lead. 
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iioncontribiitory from an etiological point of view. He slidwed no signs 
of arteriosclerosis, lij'perthyroidism, or mitral stenosis. On numerous 
occasions electrocardiographic investigations had been made without an 
accurate diagnosis being attained. He had acquired an addiction to 
morphine derivatives as a sequel to the frequent therapeutic use of these 
drugs for his disability. The curves here presented were obtained dur- 
ing and after a brief attack which occurred at the Johns Hopkins Hos- 
pital while he was under treatment for drug addiction. 

Figure 16 shows the conventional Lead II and esophageal leads taken 
simultaneously. Apart from the decisive emdenee given by the eso- 



W'. D. Case of auricular flutter due to hypertlivroidism fSeric'? 
A) and after recovery of normal rhythm (Series B). The com^ntional r eadf 

airroi wSr ■>-««' 'iwa 


phageal lead in determining the correct diagnosis, there is an additional 
point of importance. Examinations of the curves show that the rhythm 
IS a regular 2-to-l flutter, the auricles beating at 300 and the ventricles 
at 150 per miiaute. A comparison of the time relationships between the 
intrinsic deflections in esophageal curves and the upstroke of the flutter- 
waves in Lead II reveals progressive differences. As the electrode is 
moved dovmward to successively lower auricular sites, the intrinsic de- 
flections in the electrograms become progressively earlier in occurrence 
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with respect to botlx the E-waves aixd the upstroke of the flutter waves 
ill Lead II (as is indicated by the vertical dotted lines in Pig. 16). The 
actual times of occxxrrence of the intrinsic deflections are shomx in Table 


DUR/NG FLUTTER, 



ON RECOVERY 



— Patif»nt D. R. From a case of paroxysmal auricular flutter during: the 
attack and on rocovco-. Analysis of flutter waves is shown in Table I. The letters 
above tlie records in flutter indicate the po.sition of the e.sophagcal electrode in tcrm.s 
. The dotted lines indicate the proprre.s.sivcly chanflins rela- 

Uonships of the intrln.sic deflections In the c.sophnBoal electrogram.s to the onset of 
flutter waves in conventional Lead II. Examples of conventional curves and of 
eiyphageal elcctroKrams after recovery are shown below. (See text and Table 1 for 
Jiscu.=,-!lon and data.; 


I. It is apparent that in the region of the superior vena cava and the 
uppermost portion of the auricle the intrinsic deflections arise slightly 
later than the corresponding upstroke in Lead II. In the midcaval re- 
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gion, on the other hand, they are earlier by 0.0294 sec., while lower 
domi, near the inferior vena cava, they occur 0.0734 sec. before the 
flutter wave of Lead II. This finding stands in contrast to the position 
of the intrinsic deflection in the P-complexes of normal curves (see Pig. 
4 B., Part P), where the earliest intrinsic deflections are obtained when 
the electrode is closest to the sino-auricular node. For positions of the 
electrode above and below this point (contrast curves C and E with D 
of Pig. 4 B, Part P) the intrinsic deflections are always later with 
respect to the onset of the P-wave. The data of Table I quite definitely 
show that the flutter wave activated the inferior part of the left auricle 
about 0.06-0.08 sec. earlier than the upper part of the auricle. In 
other words, important evidence is here provided to augment that of 
Lewis^^ and his collaborators^'^ to the effect that auricular flutter is due 
in man to a ‘‘circus movement.” Under the conditions imposed by the 
esophageal method, only the left auricular segment of the circus path- 
waj’ can be investigated. The findings here reported lose none of their 
significance if it is held tliat the areas tapped are not neeessarilj^ on 
the actual path of the “central” or “mother” wave, for the times of 
occurrence of the centrifugal waves are dependent upon the time of 
excitation of the contiguous central x>ath. 

In the section on paroxysmal auricular tachycardia (Section I) two 
unusually interesting cases of 2-to-l block were discussed. The second 
of these cases (Pig. 4) on occasion exhibited an auricular rate of 428 
per minute. Although esophageal electrograms were not obtained at 
the faster rate, the diagno.sis of paroxysmal auricular tachycardia was 
entertained for reasons which were discussed at some length. 

At this point it is expedient to point out why both of the cases cited 
cannot be considered to be due to auricular flutter. The curves from 
three undoubted cases of auricular flutter have been recorded above. 
The esophageal electrograms of these cases show a perfectly distinctive 
character, and are explainable only on the liasis that the auricle is in 
a condition of continuous excitation. There is no return to the isoelectric 
line and no indication that the auricles are at any time electrically 
quiescent. The intrinsic deflections arc follow^ed by long extrinsic 
periods. Now the curves of the two eases of paroxysmal auricular tachy- 
cardia exhibit quite different characters. The auricular complexes, 
tliough grossly deformed in one case, are distinctly to be separated one 
from another and arc easily recognizable as being periodically produced 
P-waves. In those instances in which the ventricular complexes do 
not. interfere there is clearly a return of the cuiwe to the isoelectric 
line. The mechanism underlying these arrhythmias cannot be the same 
as that responsible in auricular flutter. 

A'uricvUr Fihrillaf ion.— Ristorical reviews and discussion of the va- 
rious theories which have been advanced to explain the fundamental 
causes of this irregularity are to be found in the publications of Garrey® 
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and of LeAvisd^ A brief restatement of tbe more popularly accepted 
tlieories will satisfy the purposes of this report. 

There is almost complete unanimity in the view that auricular flutter 
and ’auricular fibrillation are closely related, often interchangeable, and 
hence probably caused by variations in the operation of a similar 
underlying mechanism. The chief premises of debate are therefore 
largely concerned with theories and speculations as to the nature of 
tlie responsible mechanism. The main theories which still claim devotees 
are three in number. Common to all of them is the conception that a 
state of disturbance in the conductivity and the refractory phase of 
auricular musculature with the production of varying degrees of block 
is a prerequisite for the production of fibrillation. 

The first flieory, a modification or elaboration of the earlier views of 
McWilliam^^ and of Winterberg,^^ has been sponsored by Rothberger 
and Winterberg.^®’ It is variously' known .as the “tachysystole” 
or '‘poly topic” theory, depending upon whether one or several foci 
are assumed to be responsible for the continued, rapid excitation of the 
muscle. Closely allied to this explanation are those propounded by 
Hering® and Haberlandt," who suggest that the responsible focus is 
the A-V node and by Sclierf,^- who postulates that the sino-aurieular 
node may assume a similar role. 

The second conception is that advocated by Garrey.*’ It is based on 
the experiments bj’’ himself, by Mines,^®' and by the forerumiers in 
the field of “circus motion,” Romanes"® and Mayer.^® The theory fol- 
lows the suggestion first made by Mines-^ that this mechanism might be 
responsible for paroxysmal tachycardia and fibrillation of the heart. 
Carrey® postulates that a provocative stimulus occurs under conditions 
favorable to the onset of fibrillation, that is, in the presence of factors 
interfering with the even and coordinated spread of the impulse through- 
out the heart muscle. In his o-vto words® (p. 412): “From the 
point stimulated the impulses can spread in any and all directions, 
their progress being limited only by the preexistence or development 
of localized blocks within the tissue mass. Such blocks divert the im- 
pulse into other and more circuitous paths, and the area so blocked 
off can participate in contraction only when an impulse which has 
passed to other portions of the ventricle approaches it from another 
direction; this area thus in turn becomes the center from which the 
progress of contraction is continued, to be in its turn diverted by other 
blocks. . . These conditions make possible the propagation of the con- 
traction wave in a series of ringlike circuits of shifting locations and 
multiple complexity. It is in these 'circus contractions,’ determined by 
the presence of blocks, that we see the essential phenomena of fibrilla- 
tion.” This theory, therefore, does not require that the excitatory 
impulse should be continuously repeated from the point of origin nor 
that there should be a single circulating or “mother” wave. The 
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process, onee instituted, is, by this conception, capable of perpetuation 
even though the auricles should be separated from one another, for a 
possibility of multiple small secondary “circus movements” is envisaged 
which may serve as mobile reactivating foci in each large area of 
auricular muscle.® 

The tlurd theory is that propounded by Lewis” on the basis of re- 
searches pursued in his laboratory. The essential postulate of this 
theory is that in fibrillation, as in flutter, there is a rapidly circulating 
single central or “mother” wave which gives rise to centrifugal or 
“daughter” waves to the outljung parts of the auricle. Lewis holds 
that the parent wave may itself be blocked and obliged temporarily 
to adopt a new and sinuous pathway in a new plane but that it con- 
sistently retains its “circus” character, travels usually in a broadly 
delimited pathway and, if occasionally deviating, invariably returns to 
its original course which encircles the mouths of the great veins. He 
states^^ (p. 341) : “A' priori it is possible to conceive of circus move- 
ments of many types. We might even assume several circuits, com- 
pletely or transiently independent of each other, and each controlling 
for a time material sections of the muscle; we might assume a single 
circuit wholly erratic in its course, looping widely in and out, some- 
tin\es brealdng transiently into several circuits, Hone of ihese views 
wovld meet the case of fibrillation as it exists clinically/' There is 
more demonstrable order in the disorder than is consistent with one or 
other of these mechanisms.” It is further held that the oscillations 
or “f” waves of electrocardiographic indirect leads from clinical cases 
are a measure of the prevailing rate of the “circus movement” in the 
auricle. These oscillations have also been sUidicd by Lewis, Drury 
and Ilicscu,”’ who showed that a rotation of the electrical axis of 
each auricular “cycle” or oscillation tlirough 360 degrees takes place 
both in auricular flutter and auricular fibrillation in man. 

Of the three theories, that of Lewis today claims most adlierents. It 
is particularly attractive, apart from the strong experimental evidence 
upon which it is based, because it supports a wide measure of clinical 
experience in linking auricular fibrillation with auricular flutter through 
an iiitermediaiy stage of impure flutter. Its application to cases of 
persistent auricular fibrillation is less clear, and the theoi’y has been 
attacked by Rothberger,-®- Cfarrey,® and more recently by Brams and 
Katz.- The latter have published evidence to prove that when the 
continuity of conduction of the fibrillaling auricles is interrupted so as 
to divide the right auricle from the left both chambers continue to 
fibrillato. This, as well as certain experiments by Garrcy,® are held 
to be unexplainable by the concept of a single central “mother” wave 
around the mouths of the great veins. 

It is pi'ceisely because of the still considerable divergence of opinion 
on this subject that a brief restatement of the essential features of the 
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various theories has been a necessary prelude to the presentation of 
additional evidence. 

Of the entire series of 142 human subjects who have been investi- 
gated by the esophageal lead, 21 suffered from auricular fibrillation. 
Fourteen of these were earlier victims of rheumatic fever; 5 had severe 
arteriosclerosis and h 5 T^)ertension; and 2 were thju’otoxic. The majority 
of the cases had demonstrable (and in 5 great) dilatation of the left 
auricle. In these it was obseiwed that the esophagus was displaced 
backward and to the right. This finding ensured that an electrode 
placed in the esophagus Avould not only be brought into even closer 
proximity to the surface of the auricle than normally is the case but 
also would be displaced toward the interauricular zone where a 
‘‘mother” wave might be expected to have its location. 

In the published curves of Lewis^^ {Fig. 317, p. 337), taken by 
direct leads from the exposed auricular surface of dogs in which auricu- 



Fig-. 17 . — Patients J. L. and A. B. Records from two cases of auricular flbi-illation. 
Bead II shown above m each case and esophageal records below. 

Case J. L. Auricular fibrillation occurring in hypcrthjroidism. The cross marks 
a doubtful example of intrinsic wave formation. 

Case A. B. Auricular fibrillation occurring in rheumatic heart disease. 
Standardization in both curves, 1 niv. = 10 mm. 


lar fibrillation had been induced, definite intrinsic deflections are re- 
corded. It has also been stated by Lewis“ (p. 282) and implied by 
the published chest lead curves of Drury and Iliescu'^ from a human 
subject that if the electrodes could be brought closer to the surface of 
the heart of man the recorded “f” waves would be accentuated in 
amplitude and, presumably, in detailed form. That this is true in 
auricular flutter has already been demonstrated by esophageal electro- 
gianis showing excellent examples of intrinsic deflections. These facts 
and, in particular, the curves of Drurj’" and Iliescu* from preeordial 
leads, seem to justify a confident anticipation that the application of 
the esophageal electrode to eases of clinical auricular fibrillation would 
jdeld records illustrating intrinsic deflections. Despite the operation 
of factors calculated to heighten the sensitivity of the esophageal lead, 
this expectation has been very rarely fulfilled. 
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Typical esophageal and conventional records are illustrated in Fig. 17. 
In only one instance in these curves is there the slightest trace of an 
intrinsic deflection. If tlie two cases of h 3 ’^perthyroidisra arc excluded, 
the remaining 19 eases show an entire absence of intrinsic deflections. 
In all patients as manj’- as seven esophageal records from as many 
auricular sites have been taken. Some patients (five) have been re- 
examined on separate occasions. In three subjects postaral tests have 
Ijecn cmplojmd in an attempt to place the electrode nearer the inter- 
auricular zone. In 183 separate records of esophageal leads taken from 
these nineteen patients, there is no instance in which more than a 
moderate increase in the amplitude of the “f ” waves has been observed; 
the oscillations, though often of considerably greater voltage, have 
invariabb’’ remaiiied slurred and lacking intrinsic deflections. 

In the two cases of hyperthyroidism the results were otherwise. Kec- 
ords from one of these patients in whom the iiTegularity had been 
present for over three years are shonm in Fig. 17 (Case J. L.). The 



Eip. 18. — Patient SL G., a case of .<;ervere hyperthyroidism. Tiie first three curves 
(Lead II and two csopliageal records) were obtained when auricular fibrillation was 
present. Mote the presence of intrinsic dcfiections as indicated by crosses. The la.st 
curve is an esophageal record obtained after spontaneous reversion to normal sinus 
rliythm following thyroidectomy. Koto the deformity of the P-waves in the latter. 


second case, a woman aged forty -two jmars, who had a basal metabolic 
rate of +71 and a histoiy of auricular fibrillation for three months 
preidous to examination, is of greater interest. The preoperativc rec- 
ords of this patient are illustrated in Fig. 18, in which perfectlj'’ 
definite examples of oecasionalby occuiTing intrinsic waves are present. 
The last record of Fig. 18 .shotvs an esophageal electrogram from the 
same patient obtained when normal .sequential rhjflhm spoilt an eou.sly 
appeared following thyroidectomjL 
Tlie two cases of auricular fibrillation in h.vperthju'oidism prove that 
the method is capable of detecting intrinsic deflections v9ion thej' occur. 
Such deflections must represent the activation of a fairl}' substantial 
part of the aui’iciilar muscle in a locallj’’ coordinated manner. The 
slurred form of the recorded oscillations obtained in cases which .show 
no intrinsic dollections is probably attributable to a fine division of the 
excitatoiy wave traveling in areas characterized by local blocks of great 
complexily. 
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In the section on flutter it was shomi (Fig. 16 and Table I) that 
evidence of progressive excitation of the tissue in the left auricle under- 
lying the esophagus was elicited. The peculiar time relationships of the 
intrinsic deflection for the various positions of the electrode were com- 
pared with the findings' in the P-waves of normal cases, and the results 
were offered as evidence in support of Lewis version of the circus 
movement theory. An expei'iment was devised to investigate clinical 
auricular fibrillation along similar lines. An arteriosclerotic man aged 
sixty-six years, Avho showed only slight enlargement of the left auricle 
in the presence of auricular fibrillation, was selected. A double esopha- 
geal lead (see Part I, Fig. 5“) was passed until each electrode lay 
behind the left auricle. The electrodes were separated by a distance 
of 3.8 cm. Each esophageal electrode was attached to a right-arm 
terminal of a two-stringed Cambridge galvanometer. The left leg served 
as a site for the remote electrode in each instance. A single-string 
Hindle galvanometer was attached to the patient to record conventional 
Lead II. The resistances of all three circuits were balanced to obviate 
interference. By means of suitable prisms the movements of the three 
strings were recorded simultaneously. 

Typical examples of the curves obtained from the patient under the 
above conditions are shown in Pig. 19. The esophageal electrograms 
of the recorded curves illustrated in Pig. 19 have been carefully meas- 
ured with the comparator and plotted together on the basis of a common 
isoelectric line. The graph and the curves shown begin at a point 0.34 
sec. after the foregoing QRS complex and are certainly free from ven- 
tricular effects at the time line marked 0.2 sec. An entire absence of 
intrinsic deflections is characteristic. The time relationships of the 
oscillations in the esophageal leads are clearly depicted in the graphical 
analysis of the curves. In the first part of tlie curves botli electrodes 
have recorded oscillations of large amplitude lacking a sustained and 
ordered time relationship. After the QRS complex is Avritten, the elec- 
trodes record much grosser differences in the form and occurrence of 
the “f” AA’aves. The curves from the lower electrode are uoav finely 
segmented and of much smaller amplitude than those from the upper. 
Almo.st all semblance, of order has disappeared, the onset of the smaller 
waves (lower electrode) occurring now before and now after the begin- 
nings of the largei’ avoa'cs Avith frequent intcrpositional Avavelets. 

mscussiox 

Similar results to those illustrated in Pig. 19 haA'c been obtained in 
several records from the same and other patients. The absence of 
intrinsic deflections might concehmbly be explained on the vicAV that 
the esophageal electrode consistently failed to tap any part of the 
patlnvay of the “mother” AvaA-e. In A*ieAv of the findings in flutter 
it i.s scarcely conceivable that, if a broader central circulating Avavc 
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were present in fibrillation, it would fail to. give rise to occasional 
intrinsic deflections in 183 records from 19 cases. A.rgued on tlie basis 
of Lewis’ tlieoiy^^ it seems necessary to postulate that .at no time did 
the ‘‘mother” wave invade any tissue lying close to the electrodes. On 
the other hand, the changing character of the waves as illustrated in 
Fig. 19 could be partly explained on his theory by supposing that the 
plane of the “mother” wave had wandered farther from the lower 
electrode in the latter part of the record. But even this does not carry 
conviction, for it seems clear that any attempt to determine the direction 
of the electrical axes of such oscillations^ would be valueless in 
proving a central circus motion in this clinical case. A much more 
likel}'" explanation would appear to be that at all of the investigated 
sites in nineteen cases the oscillations recorded by the esophageal elec- 
trode are' the resultant of the total electrical potential variations in 
the areas closest to the electrode. This in turn implies that in these 
areas multiple iminilses are traveling and gmng rise to electrical vectors 
wliich by their sum or subtraction determine the movement of the gal- 
vanometric string. It follows that under the circumstances the number 
of such “f ” waves could not be accepted as indicating the rate of circu- 
lation of a single “mother” wave. 

The experimental work of Lewis^^ (see Figs. 6-13, inclusive) has 
proved that intrinsic deflections are obtainable by direct leads from 
the fibrillating auricles of dogs and that under these conditions there 
is strong evidence^^ that a single central circus movement is present. 
In these animals it is difficult to prevent spontaneous reversion to normal 
rhythm. In the only case of this series (Fig. 18) in Avhich spontaneous 
reversion took place, intrinsic deflections have also been observed oc- 
curring singly or in a shortly consecutive order. If it were held that 
the formation of intrinsic deflections is characteristic only of the 
“mother” wave, then the pathway of the latter must, on this evidence, 
be considered to be a very devious example of “Umwandlung.” Never- 
theless, the example is important, for clearly the arguments of Lewis 
are applicable to this instance. It is quite possible that in this case 
a single central circus movement is present, that the direction of the 
electrical axis might be determinable, and that the predominant rate 
of the larger oscillations might represent the rate of the circulating 
“mother” Avave. The case is one of severe thyrotoxicosis, a condition 
in Avhieh auricular flutter, impure flutter, and auricular fibrillation are 
quite commonly found. The question naturally arises Avhether the 
casual mechanism of auricular fibrillation in thyrotoxicosis, in parox- 
ysmal attacks as Avell as in successful digitalis therapy in auricular 
- fluttci may not be cxactlj' Avhat LeAvis postulated. Such cases quite 
frequently revert spontaneously from auricular fibrillation to normal 
rhythm. They resemble in this respect the characteristics of auricular 
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fibrillation artificially produced in experimental animals, but differ 
entirely from the common clinical examples of the irregularity which 
tend to persist. 

In the present series no trace of an intrinsic deflection has been dis- 
covered in any example of persistent auricular fibrillation. It seems 
reasonable, therefore, to suspect that there may be a relationship be- 
tween a tendency to spontaneous reversion, the presence of a single 
central circus movement, and tlie discovery of intrinsic deflections by 
semidirect leads. The results which have here been reported do not 
provide decisive evidence, but, w-hen talcen in conjunction with the 
experimental work of Garrey® and of Brams and Katz,® they are highly 
suggestive. They urge a reconsideration of the claims of a single 
“mother” wave as the responsible or enduring mechanism in per- 
sistently fibrillating patients. The results of the reported experiment 
(Fig. 19) are those which would be expected if (in accordance with 
Garrey's view-) the single central wave had disintegrated into secondary, 
tenuous “circus motions” which serve as multiple, moving, and reac- 
tivating foci to the discoordinated muscle areas. Certainly there seems 
to be no good reason for supposing that this could not occur, and the 
suggestion is made that, if and when it takes place, the chances for 
spontaneous reversion to coordinated beating are thereby rendered re- 
mote. In other words, it is proposed that this development changes 
a case which tends spontaneously to revert to normal rhythm into a 
ease in which a state of fibrillation remains obdurately persistent. It 
is further held that arguments based upon experimental animals which 
are with difficulty maintained in fibrillation are not strictly applicable 
to the majority of cases of auricular fibrillation as encountered in clini- 
cal medicine. 

8%immary of Section JJ 

The results of applying the esophageal lead in the study of three 
eases of auricular flutter are illustrated and discu.ssed. 

The three most generally accepted views of the mechanism underly- 
ing auricular fibrillation are briefly set forth. 

The findings obtained in 21 cases of auricular fibrillation in which 
the esophageal method has been used are illu.strated by typical euiwes 
and discussed. 

A special investigation in a case of auricular fibrillation bj' means 
of a double esophageal electrode is described. The findings are analyzed 
and tentative conclusions are offered as to their significance. 

SUMJIARV OF PART H 

1. The results of emplojdng the esophageal lead in an electrocardio- 
graphic study of auricular disordei’s in 92 human subjects have been 
recorded, analyzed and discussed. 
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2. Tlie value of applyiiig* tlie method to patients exhibiting auricular 
abnormalities has been established. 

3. Findings of particular mterest have been obtained with reference 
to auricular arrhythmias (notably auricular tachycardia, auricular flut- 
ter, and auricular fibrillation). 


general summary 

1. The results of employing the esophageal lead in one hundred and 
forty-two human subjects have been analj'zed in the light of practical 
and theoretical considerations. From both points of view, the lead 
has been proved to be a reliable and valuable electrocardiographic 
method of the semidireet type. 

2. Interpretations of normal and abnormal esophageal curves have 
been supported by the results of animal experimentation. 

3. The conclusions reached, after a study of a wide variety of clini- 
cal cardiac abnormalities, have been summarized under the appropriate 
headings. 

4. Suggestions have been made as to the use of the method in clini- 
cal research. 

In conclusion tlie autlior ivishes to express his deep indebtedness to Dr. Edward 
P. Carter for his invaluable aid, adiice and encouragement, to Dr. E. Cowles Andrus 
for his interest and help, and to Miss J. A. Vickers for her technical assistance 
in the recording and preparation of the electrocardiographic material, all of which 
have contributed immeasurably to the pursuit of this study. The writer’s thanlts 
are also due to the donor of the Bingham Fellowship without whose generous 
aid tills investigation would have been impossible. 
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UNUSUAL FEATURES OF T^YO CASES OF SINO -AURICULAR 

BLOCK'' 

Dr. Imre de Zarday 
Budapest, Hungary 

S INO-AURICULAR block is a rather rare finding in the clinic. For 
a long time the possibility of its existence was denied by emment 
cardiologists (Lewis’) because in spite of manj*' investigations (Thorel,” 
etc.) no specific pathway could be found between the sinus node and 
the auricular musculature. In animals S-A block has been produced 
by the so-called first Stannius ligature. Joachim^ even succeeded in ob- 
serving spontaneous S-A block during an experiment. But for a long 
time nobody saw this disorder in the mammalian heart, in which the 
anatomical structure of the sinus node is widel}’- difierent from that of 
lower animals. 

Finally by analyzing polygraphia curves, Mackenzie’ and Wencke- 
bach® showed clear evidence of the existence of S-A block in man. In 
addition to complete S-A block, which cannot be recognized eleetro- 
cardiographically, Wenckebach distinguished two types of partial S-A 
block, which are analogous to Mobitz’s® classification of partial A-V 
block. In Type 2 the P-P interval is practically uniform throughout 
the record, and after several normal P-QRS complexes one or more 
auricular waves (with the accompanying ventricular complexes) arc 
dropped out. In tliis form of irregularity the basal rhythm is not 
altered, the pause forming a multiple of the P-P distance. In Type 1, 
the progressive form of S-A block, tlie P-P interval gradually mcreases, 
and after several complexes one or more P-QRS complexes are dropped 
out. In this form the pause is shorter than a multiple of the P-P 
distance. The explanation of this form is as follows: Sinus impulses, 
which of course cannot be seen in the curve, arise rhythmically. The 
first sinus impulse will be conducted to the auricle in normal time. Con- 
ductivity being impaired, the second impulse will reach the tired auricle 
a little more slowly. Later impulses will require a progressively longer 
time to reach the auricle. After several such cycles the conducting 
tissues will be completely exhausted, and the sinus impulse will fail to 
reach the auricle. Therefore, progressive increase of the P-P distance, 
followed by longer pauses, will be noticed in spite of normal impulse 
formation in the sinus node. 

Many electrocardiographic records representing S-A block of Type 
2 have been published, especially in the American literature, but the 
more interesting T 3 rpe 1 is known only by venous curves, tyj^ical electro- 
caidiographic records being unlvnown at present. The most important 
textboo ks of electrocardiography, such as those of Lewis,’ Clerc,’ 

•From the out-patient department of Otba Hospital, Budapest 
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Dressier® and Weber,® show no records of S-A block. Wenckebach and 
Winterberg,^'' in their atlas, show oiil}’- one illustration of Type 1 block, 
published earlier by Edens.^^ Dressier, in his textbook presents only 
one case obseiwed by Popper and Fischer. 

Neither of these two cases is typical, however, for in the records the 
cliief characteristic of Type 1 block, the progressive increase in the 
P-P distance, is absent. Tlie authors presenting these two examples 
arrive at their conclusions only indirectly by assuming that in the case 
of Type 1 block not the first, but the second P-P interval, must be the 
shortest, therefore that progressive increase of P-P should begin only 
after the second P-P interval. Venous curves suggest this to be the 
rule, but the electrocardiographic records are not convincing because 
in the two cases cited the auricle drops out after each first or second 
P-P interval, consequently failing to show the law of progressive delay 
in conductivity for longer periods. Thus the sole assumption for 
which there are no convincing explanations, that in S-A block of Type 1 
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Fig. 1. — Tlie upper lino repre-sont-; the supposed rhythmic formation of excitation 
in the sinus node (indicated by dots). Next line: gradual increasing of S-A con- 
duction time, with no conduction after the third sinus impulse. P-line auricular wave.s. 
Next oblique line: Uniformly prolonged A-V conduction time. QRS line: ventricular 
contractions. 


the second P-P interval is shorter than the first, leads these authors to 
assume the existence of S-A block of Type 1 in their electrocardiographic 
curves. 

In this paper electrocardiographic records of two patients are pre- 
sented. These show interesting points concerning both types of block. 
They are the fii'st published reeoi’ds to slioiv clearly (a) that in S-A 
block of Type 1 progressive delay in conductivity begins with the first 
cardiac cycle and persists over a rather long period (7 systoles) and 
(b) that progressive partial S-A block can coexist with progressive 
partial A-V block, a fact suggesting convincing evidence as to the 
mechani.sm of S-A block. 

C.VSE 1. — G. S., a well-nourished woman, liouseworher, thirty-one ycar.s old, com- 
plained or palpitation which had pcr.«i.sled for four years, increasing in the last three 
months. There were no other complaints except dysmenorrhea. There was no his- 
tory of rlieuniatism or infectioim di.<=eapc; no evidence of artcriosclero.sia or of focal' 
infection (teeth, tonsils) could be found. Toxic effects of alcohol, nicotine, and 
lead could lx; excluded with certainty. \Vas.sermann reaction and Kahn tost were 
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negative. The blood picture was normal (red cells, 5,000,000; hemoglobin, 100 per 
cent; white cells, 6,400; differential— band forms, 2 per cent; segmented, 64; eo- 
sinopliiles, 2; basopliiles, 0; monocytes, 6; and Ijunphocytes 23 per cent). Physical 
and x-ray examination showed the heart to be of normal size. The sounds were 
clear and well accentuated, with no murmurs. The blood pressure was 125/70. 
There were no signs of decompensation. On auscultation and on palpation of the 
pulse the heart was found to be irregular, with a pause after each second or third 
beat. 

The first record, taken Sept. 19, 1935 (Fig. 1), shows a longer pause not inter- 
rupted by P-waves, after each second or third “normal” complex. As sinus ar- 
rhythmia, ectopic rhythm, and blocked auricular extrasystoles can be ruled out, sino- 
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Pig. 2. — The upper line represents the supposed rhythmic formation of excitation in 
the sinus node (indicated by dots). Next obliaue line: ^-adual increasing of S-A con- 
duction time, with no conduction after the sixth sinus impulse. In the long pause a 
ventricular escaiied beat is to be seen. 



Fig, 3. — See Pig. 2. Dropped beat only after the seventh sinus impulse. No escaped 
beat. After the long pause the same periodicity begins again. 


auricular block remains the only possible explanation. As the P-P intervals are 
gradually increasing before the pauses, the record is interpreted as belonging to 
Type 1, which interpretation is supported by later records. The P-E interval is 
0.27 sec. (The very low voltage of the standard leads does not permit undi.sputed 
analysis of the record.) 

The second record (Fig. 2), taken on September 28, shows sino-auricular block 
of Type 1. An auricular beat is dropped after every sixth complex; the P-P in- 
terval increases progressively from 0.72 to 0.82 sec. and the P-E interval increases 
from 0.17 to 0.39 sec. There are ventricular escaped beats in tlie long pauses. 
There is low voltage.* ^ 

•Lead II is shown, and the string is standardized so that 2 cm. represent Imv. 
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The third record (Fig. 3), taken on October S, shows a similar condition. After 
seven cardiac cycles a beat is dropped; the P-P interval increases from 0.G2 to 0.70 
sec.; and the P-E' interval increases from 0.20 to 0.35 sec. There are no escaped 
beats. 

The hasal melaholic rate was - 25 ■per cent and some weelcs later was -33 per cent. 
Menstruation was painful. 

As to therapy, epherit decreased the frequency of dropped beats to some extent, 
but this effect was only transitory. Atropine (0.5 mg. hypodermically) produced 
the paradox reaction described by Eppingcr and Hess^^ with an auricular or nodal 
ectopic rhythm and a bradycardia of 40 per minute. On gmng thyroid tablets 
(0.10 gm. three times daily) for two weeks, the rhythm became regidar for longer 
periods. When thyroid medication was omitted, the arrlij'thmia always reappeared 
but gave place to normal rhythm when the medication was again introduced. The 
patient now visits the clinic everj' week or so. She takes thyroid tablets periodically; 
.she has normal sinus rhythm and no complaints. 

Discussion of Case 1. — There are three prineipal points which justify 
the publication of this case; 

1. After reviewing the literature it seems to be the first published 
ease in which longer periods of the progressive form of S-A block are 
to be seen. From our figures it can be deduced that the generally ac- 
cepted teaching according to which the first P-P interval must be 
longer than the second is not a general rule, for in our figures the P-P 
distance increases gradually from the first cycle to the last one before 
the pause. This regularity corresponds perfectly to theoretical con- 
siderations which gain a strong support from our records. The op- 
posite observdtion, i.e., that the first P-P interval is longer than the 
second, appears to us to be exceptional and not in accord with theo- 
retical possibilities. 

2. In our case A-Y conduction is impaired too. In Pig. 1 it is uni- 
formly prolonged to 0.27 see. The combination of S-A block of Type 
2 (with constant P-P intervals) with uniformly prolonged A-Y con- 
duction is well recognized, having been described by Hewlett,’® Konis,''^ 
Mackenzie,'* Rihl,’® Wallace and Katz,’® and others, but the coexistence 
of the progressive form (Type 1) of S-A block with the progressive 
form (Y^'enckcbach periodicity) of A-Y conduction delay as illustrated 
in Fig. 2 and 3 has, we believe, not been recognized before. Neverthe- 
less, it is not without importance, for, according to Wenckebach, the 
second tyi)e of heart-block is not surely a disorder of conductivity, but 
rather can be regarded as evidence of disturbed contractility, as disease 
of the musculature and not of the conducting system. In our case, 
however, the combination of defiiiite defect of conductivity between 
sinus node and auricle and also a similar defect between auricle and 
ventricle proves with certainty that we have to do with no circum- 
scribed lesion in some part of the hcail musculature but that there is 
pre.sent a systemic disease affecting all conductive pathways. Figures 
2 and 3 clearly illustrate the double AVenekebach periodicity in two dif- 
ferent parts of the heart, between sinus node and auricle and between 
auricle and ventricle. 
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111 the long pauses ventrienlar escaiied heats arise and prevent the 
marked sloAving of the pulse v^hich would otherwise result from the 
coexistence of S-A and A-V conduction defect and which would he 
likelv to cause serious disturhance of the general circulation. 

3. All the electrocardiograms of this patient show low voltage. This 
fact is in accordance with the lowered hasal metaholism. This is not a 
case of marked myxedema, for all skin symptoms and nervous signs are 
missing. Low hasal metabolism and dysmenorrhea can more easily he 
referred to abnormal function of the h.^^lophysis or to hypofunction of 
the adrenals, or to a combination of the two. It is well Imomi that the 
adrenal cortex influences the gonads, and medullar hypofunction causes 
hypoadrenalemia, which leads to decreased sympathetic and increased 
vagus tone and which in turn may cause disturbance of conductivity 
ill the heart. 

According to most writers S-A block is rarely caused by anatomical 
lesions; more often — ^perhaps always — ^it is the expression of nervous 
or toxic influences. This interpretation must be extended to include 
hormonal disorders too. 



Fig. 4. — S-A block of Type 2. Constant P-P distances. Dropped beat after each 

sixth sinus impulse. 


Nervous and endocrine troubles are always correlated with each other. 
Hormonal products influence the vagi and the accelerans, whose endings 
in turn later produce hormonal substances of cholinlike and adrenalin- 
like nature (Loewi, Beznak^'^). Accordingly, the mechanism by which 
the two opposed representatives of the autonomic nervous system in- 
fluences the underlying physiological units may be described as humoral 
(molecular) rather than neurophj’-sical. 

In this case digital compression of the vagi (carotid) and also holding 
the breath failed to have any effect on the arrhythmia. Emotion 
(fright) or bodily Avork (increased sympathetic tonus) suppressed the 
arrhythmia for some minutes, Avhile epherit caused a diminished tend- 
ency to arrhytlunia for longer periods and thyroid tablets were success- 
ful in maintaining regular rhjdhm as long as tlie medication Avas con- 
tinued. This supports the vieAv that hormonal disorders, disturbed 
neurohormonal equilibrium, Avere responsible for tliis rare form of 
arrhytlimia. 

A feAv months later Ave had the opportunity of obseiwing another case 
of partial S-A block (Pig. 4). This record merits little attention for 
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it represents the common form (Type 2) with constant P-P inteiwals. 
Nevertheless, we consider that this case also is worthy of brief con- 
sideration because of the etiological factors, a cerebral tumor probably 
being responsible for the cardiac irregularity. 

Cask 2. — The patient, a housewife, forty-two years old, appeared pale, under- 
nourished, and nervous. She had no complaints referable to the heart. She had 
terrific headaches, visual disturbances, and serious psychic disorders, at times being 
completely disoriented. 

On physical examination the heart was normal in size, the sounds were clear, 
and tlicre was no hypertension or signs of decompensation. Cardiac irregularity 
was present, witii regular intermittence after cacli sixtii systole. Tlie Babiiisky 
phenomenon was present on tlie left side. Apart from this tliere were no other 
abnormal neurological findings in the motor or sensory field or in the reflexes. Oph- 
thalmological examination, however, revealed choked disks in both eyes. On per- 
forming lundjar puncture cerebrospinal fluid appeared under high pressure. The 
height could not be determined because of the patient’s restlessness. The cell count 
and all tests (Nonne- Appel t, Pandy, "Weichbrodt, and Wassermann reactions, Kalin 
test, and colloidal gold curve) were normal. Tlie next day encephalography was 
undertaken, but unfortunately the patient died within a few minutes after air was 
introduced. Permission for neeropsj' was refused by tlie family. 

Discussion of Case 2 . — In spite of the dearth of local and general 
'signs and symptoms, we were inclined to assume that the patient had a 
brain tumor in the posterior fossa, because of the headaches radiating 
to the back of the neck, the .symmetrical choked disks, the high intra- 
lumbar pressure, and the hypothetic vagus sign, S-A block. This latter 
assumption was strongly supported by the striking fact that after 
lumbar puncture the arrhythmia ceased promptly and regular rhythm 
persisted for some hours. Thus, while the presence of brain tumor 
could not be proved with certainty, the evidence (especially in the ab- 
sence of other cardiac, toxic, or hormonal disorders) of (1) increased 
intracranial pressure, (2) cessation of cardiac arrhythmia after lumbar 
puncture, and (3) death of the patient when intracranial pressure was 
increased by the introduction of air, strongly .support the view that 
elevated intracranial pressure was the cause of increased vagal tone 
which resulted in the S-A conduction defect and in the final fatal issue. 

CONCLUSION 

It lias been shown tliat in tlie finst ca.se hormonal disorders influenced 
In a qualitatively identical manner the A-V conduction (i.c., genetic 
.‘:ystem) and the S-A conduction (common musculature). It seem.s un- 
likely that the same noxa should influence in the .same way two tissue 
elements differing so widely from one another as do the genetic system 
and the common musculature. Lewis’ interpretation .seems to us to be 
more probable, namely that S-A block has its scat not hehvccn the sinus 
node and the auricular musculature, but in the sinus node it.self, i.e., 
on its borders, from where excitation radiates .synchronou.sly in every 
direction to neighboring parts of the auricular musculature. Thus it 
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can be understood that a toxic agent traumatizes in the same manner 
two elements of the heart with different localization but with identical 
histological structure, the sinus node and the genetic system, which 
apparentlj’- are characterized by similar susceptibility toward extrinsic 
iiiiluences. 

The second case, on tlie other hand, clearly illustrates the role played 
by purely mechanical factors, such as elevated intracranial pressure, in 
governing the action of the extraeardiae nerves. Thus etiological factors, 
differing so widely from one another as do chemical (toxic or hormonal) 
and physical (nervous) disorders in the organism, can both lead to the 
same ])athological process in the heart by way of the cardiac nerves. 
It matters not whether we consider the second type of heart-block as 
the result of conduction or of contraction disturbance, for the vagi act 
in tlie same manner upon conductivity and contractility. 

SUMMARY 

Two cases of sino-auricular block arc presented. The first represents 
the rare form, the so-called Type 1, with progressively increasing con- 
duction delay between the sinus node and auricular musculature, asso- 
ciated vdth xjrogressivcly increasing A-V conduction delay. This 
trouble is ascribed to hormonal disorder, aiid the mechanism of S-A block 
is discussed. 

The second ease, in all probability, was caused by brain tumor, cle- 
x-ated intracranial pressure xvith consequent increased vagal tone caus- 
ing S-A block of the so-called Type 2. 
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ELECTROCAKDIOGBAPHIO CHANGES IN 
HYPERPARATHYROIDISM® 


Frederick Kellogg, M.D.j and AYm. J. Kerr, M.D. 

San Francisco, C^vlip. 

A lterations in the electrocardiogram have been shown to occur 
in the hypocalcemia of tetany, but relatively few clinical observa- 
tions have been made in the hypercalcemia of hyperparathyroidism. 

yfeechP^ and Morgenstem^ early called attention to the small QRS 
complexes and tlie prominent T-waves occurring in the electrocardio- 
grams of patients with tetany. In addition to these findings, 'Doxiades^ 
noted shortening of both the P-R and the QRS intervals. These changes 
were considered eharaeteristie of hypocalcemia, but more recent reports 
(Salvadci and Pasoli,^ and Marzahn®) indicate tliat such changes occur 
consistently in the electrocardiograms of relatively few patients. Un- 
fortunately but little attention has been paid to the level of the calcium 
in the blood at the time the electrocardiographic studies were made. 
^yjSarter and Andrus® -were the first to call attention to the prolongation 
"of "electrical systole," or the Q-T interval, in hypocalcemia. This im- 
portant observation was confirmed by "'White and liludd,' and more re- 
cently by'^^Marzahn.® Marzahn laid particular emphasis on the length- 
ened isoelectric period between the S-wave and the onset of the T-wavc, 
and considered this to represent a tendency of the cardiac muscle to 
a tetanic state. 

Numerous electrocardiographic studies have been made on animals 
following the intravenous injection of calcium chloride or the adminis- 
tration of parathyroid extract. These studies have been summarized 
by Berliner® and will not be reviewed in detail here. Following the 
administration to dogs of sufficient parathyroid extract to raise the 
level of calcium in the serum to 16 to 25 mg. per cent. Gold and 
Edwards® found that premature beats, shifts of the auricular pacemaker, 
alterations in the T-waves, and varying degrees of impairment of con- 
duction occurred. 

Segall and Wliitc^® have reported a series of electrocardiographic 
.studies of human subjects following the administration of calcium. In 
one patient no electrocai’diographic changes occurred after the intra- 
venous injection over a period of 15 minutes of 75 c.e. of 2 per cent 
calcium chloride solution. Following the daily ingestion of 15 to 24 
gm. of calcium chloride for six daj’s, ineonsi.stcnt electrocardiographic 
changes appeared in eight of the eleven patients studied. In only one 
patient wa.s consistent prolongation of the P-R interval noted. However, 
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determinations of tlie concentration of calcium in the serum showed no 
alteration following the ingestion of such amounts of calcium in the 
one patient on whom such a determination was made. Measurements 
of the Q-T interval were not made. 

Fujimori^^ has found consistent alterations in the electrocardiograms 
of fifteen patients following the intravenous administration over a pe- 
riod of two minutes of 20 to 30 e.c. of 3 per cent calcium chloride 
solution. The Q-T interval" was shortened in all instances. In ten 
of the patients the P-K- interval was appreciably lengthened. Decreases 
in the heights of the P-waves, QPS complexes and T-wmvcs occurred 
consistently. 

Table I 

Measurements from electrocardiograms of t-wo patients, before and after opera- 
tion, witli liyperparatlijToidism. Botli patients show a relatively short Q-T interval be- 
fore operation, which became longer following surgery. The first patient shows 
a prolonged P-E interval before operation. 
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1 0.30 1 
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19.2 

V. P., a seven- 

Jan. 31, 1934 

i Eemoval of adenoma of parathyroid 

gland 

teen-year-old 

Feb. 5, 1934 

0.87 
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0.36 ! 
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Case 2 

Mar. 2, 1934 

1.12 
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0.312 

17.5 

,T. F., a twenty- 

Mar. 19, 1934 

Eemoval of adenoma of parath-^Toid gland 
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man 

Mar. 24, 1934 

1.03 

0.17 

0.36 

0.355 

10.0 


•Average of four consecutive measurements. 


BaUin^^ pxjbiished the electrocardiograms taken before and after 
operation of a patient with hyperparathyroidism. Attention was called 
to the short S-T interval before operation, wiiich lengthened following 
surgical removal of an adenoma of the parathyroid. Ballin suggested 
that this shortened S-T inteiwal might provide an accurate clinical sign 
for the diagnosis of hyperparathyroidism, supplementhig the usual de- 
terminations of serum calcium and measurements of chronaxie in pa- 
tients with hyperparathyroidism. 


In a further attempt to evaluate the changes of the electrocardio- 
gram in hyperparathyroidism, serial tracings were made of two pa- 
ticnts before and after the surgical removal of an adenoma of the. 













■FIK. 1. — Serial electrocardiograms of the first patient (Case 1) before and after surgical removal of a paratliyroicl adenoma. Note progressive changes in 

T-wavcs foiiowing operation. Interval between time-raarUer lines equals 0.01 sec. 
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parathyroid gland. Both patients had osteitis fibrosa cystica and other 
findings typical of hyperparathyroidism. As the case reports of these 
patients are to be presented in a separate paper^® on hyperparathy- 
roidism, the clinical details will be omitted here. 

ELECTROCARDIOGRiVPHIC STUDIES 

The electrocardiograms of these two patients, brother and sister, be- 
fore and after operation, are shown in Pigs. 1 and 2. The time relation- 
ships, together with determinations of the calcium in the serum, are 
shoYui in Table I. The column of figures under the heading, K, needs 
explanation. Bazett^^ and Cheer and Li^'^ have shown, that the Q-T 
interval is proportional to the square root of the pulse-period or the 



Pig-. 2. — Electrocarcliogi-ams of the second patient (Case 2) before and after 
surgical removal of a parathyroid adenoma. Inters^al betn'een time-marker lines 
equals 0.04 sec. 


R-R. interval. Thus, values for K were obtained from the equation K — 
Q-T interval (sec.) „ 

/ H ~ .. TT r ' Bazett found in males that K = 0.368 + 0.025, 

V K-R interval (sec.) ' 

and in females that K = 0.399 ± 0.040. In Chinese men, Cheer and Li 

found that K = 0.374 ± 0.0012 ; and in Chinese ivomen, K — 0.388 ± 

0 . 0021 . 


Several notewortliy changes may be seen in the electrocardiograms 
of our first patient (Case 1), in whom the serum calcium was almost 
twice the normal amount. Before operation the auriculoventricular 
conduction time was abnormally prolonged; the QRS complexes were 
slightly slurred; the T-waves were abnormally low in Lead II; and the 
Q-T interval was shortened. Following operation, these deviations from 
the normal tended to disappear. 'Within five days the delayed auriculo- 
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ventricular conduction time and the slurring of the QES complexes had 
disappeared; the T-waves in Lead II had become moi'c prominent; the 
T-waves in Lead III were upright (formerly diphasic), but the T-waves 
in Lead I were less in amplitude than before. Minor changes in the 
T-ivaves continued to occur for several weeks, and the Q-T interval 
gradually became more prolonged. 

Less pronounced changes may be seen in the electroeardiogi’ams of 
the second patient (Case 2). Before operation the only abnormality 
•was a short S-T inteiwal. Following operation the T-waves became more 
prominent, and the Q-T interval became some'what longer. No appre- 
ciable changes in the P-E interval or QES complexes occurred. 

It is of interest that the abnormal auriculoventrieular and ventricular 
conduction, seen in Case 1, became normal soon after operation, wdiereas 
alterations in the Q-T interval and T-waves continued to occur for some 
time, although the calcium content of the serum had returned to a 
normal level. 

COMMENT 

The changes in auriculoventrieular conduction time observed in the 
preoperative electrocardiogram of Case 1 resemble those found experi- i 
mentally in dogs given parathyroid extract and those found by Fujimori 
in human subjects following the intravenous administration of calcium 
chloride. 

Our studies, together with those of Ball in and Fujimori, confixmi, as 
far as hyperparathyroidism and hypercalcemia are concerned, the ob- ] 
serrations of Carter and Andrus concerning the relationship of the ' 
Q-T intei’val to the calcium content of the seimm. 

Although shortening of the Q-T inteiwal occurs consistently, it is 
doubtful if this sign is of much clinical value in the diagnosis of hyper- 
parathyroidism, as the range of the Q-T intervals herein reported fall 
within the nonnal limits given by "White and Mudd. If the formula of 
Bazett is used, the deviations from the normal appear more striking, but 
we doubt whether much significance can be attached to them. 

SUMMARY 

Serial electrocardiograms on tw'o patients with hyperparathyroidism 
ai’e reported, whicli showed shortened Q-T intervals (electrical systole) 
before operation. Following the removal of an adenoma of the para- , 
thyroid, tlie Q-T interval became longer in the electrocardiograms of 
each patient. Before operation one patient showed delayed auriculo- 
vcntricular conduction and .slurred ventricular complexes. 

It is concluded that the .shortening of the Q-T interv'al is not of 
sufficient degree to be of value in the clinical diagnosis of hyperpara- 
thyroidism. 
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CAKDIAC HYPEETROPHY IN A CASE OF COOLEY’S ANEMIA® 

Geza Nemet, ]\I.D.,t AND PLvrry Gross, M.D. 

New York, N. Y. 

A nemia, experimental or clinical, has but rarely appeared and has 
been inadequatelj’' sti'essed in the literature as a sole cause of 
cardiac hJ^pertroph 3 ^ In a surve.y of the causes of cardiac hj'pertrophy 
we had occasion to studj'" the lieart of a patient in whom at necropsy 
no causative factor for hj'^pertroph.v other than anemia could be found. 
The ease was that of a ninewcar-old boj’^ with Coolej^’s anemia. We 
were interested in an attempt to derive the underlying mechanism re- 
sponsible for cardiac hypertrophj'^ in this case. 

In the more recent literature, Wliipple and Bradford^ reported two 
instances of racial anemia with bone and pigment disturbances in two 
children, a brother and sister, w^hich w'ere similar to our case. The 
heart of their first patient, a child aged tw'o years, w'eighed 155 gm.. at 
necropsy and showed typical fatty degeneration. No mention w'as made 
of cardiac hypertrophy, and the muscle cells were regarded as normal, 
though the heart w-eight w^as more than double the normal for the child’s 
age. In their second patient the heart w’as reported as enlarged to the 
left with a soft systolic murmur present. Necropsy, however, was not 
performed on this case. 

Goldstein and Boas- reported diastolic murmurs and cardiac enlarge- 
ment due to dilatation in anemia, and in one instance, unquc-stionable 
In-pertrophj'. BalP reported cardiac enlargement in pcimi cions anemia. 
He had no necropsies, and it cannot be slated whether he was dealing 
with hypertrophj' or with dilatation alone. Daniels and BurrighP 
produced experimental anemia in rats bj' bleeding and obsciw'cd definite 
hyjiertrophy of the miisclc fibei's of the heart. The w'cight of the desic- 
cated specimen w^as found increased in comparison with the w'cight of 
the heart of a corresponding normal animal. 

REPORT OF CASE 

A nine-yo!ir-old boy svas admitted to the ho.spital with a history of anemia of 
lifelong duration. The father and the mother were both Italian-s, living and well, 
and there were a brother eighteen years old, and a sister .seventeen yeans old, al.so 
living and well. The patient had liad measles at five years. Ton.sillectomy and ad- 
enoidectomy had been performed two and one-half years before admission. At the 
time of operation an enlarged spleen was found. He was pale all his life. Oecasionally 
he had complained of dy.spnea after immoderate exertion and fatigue on ordinary 
exertion. Two days before admission, he developed pain in the left ear and the 
following day, a discharge from the ear. 
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Examination showed a mentally retarded boy with mongoloid facies, slanting eyes 
with small palpebral fissures, a sallow, cafe-au-lait color of the skin, bulging of 
the midportion of the frontal bone, and a saddle nose. There was a high arched 
narrow palate, and the chest was rachitic. The cervical vessels showed marked 
pulsations. A systolic thrill was felt over the right common carotid and subclavian 
vessels. The apex beat was in the fourth interspace just beyond the midclavicular 
line, and the heart was regarded as slightly enlarged. A soft blowing systolic 
murmur was heard over tlie apex, and a rough systolic muimur was present over 
the aortic region. The apical first sound was reduplicated. The abdomen was 
prominent. The lungs were clear. The liver was felt five fingerbreadths below the 
costal margin in the midclavicular line, the spleen, six fingerbreadths below the 
costal margin. Blood pressure was 104/52 on the right arm, and 88/52 on the 
left arm. 

X-ray examination of the chest showed fairly marked dilatation of the heart. 
Electrocardiogram showed low voltage. 

The blood count on admission was: hemoglobin, 30 per cent; red blood cells, 2.2 
millions; white blood cells, 13,800. The dift’erentiiil count was, staff cells, 20 per 
cent; segmented cells, 54 per cent; small lymphocytes, 25 per cent; mononuclear 
cells, 1 per cent. Poikilocyotsis, anisocytosis, and macrocjTosis were present. 

Eadiographic study of the skeletal system showed the bone changes typical of 
hemoblastic anemia as given by Cooley.-'* 

X-ray films of the mastoids showed cloudiness of the mastoid cells. 

Climcal Cotirse . — IVhile he was in the hospital the hemoglobin level fell to 25 
per cent and the number of red cells to 1.2 millions. He was transfused repeatedly 
and after the third transfusion developed a temperature of 104° E. The boy was 
discharged after a period of ten months, only to be readmitted four months later. 
At this time there was slight clubbing of the fingers and toes. The heart was en- 
larged, the rate rapid, and gallop rhythm was present. The liver edge was felt five 
fingerbreadths below the costal margin; the spleen was at the ilium; its anterior sur- 
face in the loins. A purpuric spot was present on the left shin. Blood count showed : 
hemoglobin 25 per cent; red cells 0.97 million; white cells 4,800. Serum albumin was 
3.28 per cent and, serum globulin, 1.78 per cent. After a transfusion of 250 c.c. of 
blood, the red cell count increased to 1.46 millions. Shortly after another ti-ansfusion 
the temperature rose to 105.4° P., heart action and respiration became rapid, and 
he expired shortly thereafter. 

Necropsy . — (Only the pertinent findings are reported.) There were 25 c.c. of 
fluid in the peritoneum. The spleen was considerably increased in size and extended 
in an oblique line from left costal margin and 2 in. below the umbilicus. The 
lower margin of the right lobe of the liver extended to the anterior superior iliac 
spine on the right side ; the left lobe occupied the epigastrium, extending below to the 
umbilicus and above to the left parasternal line, meeting the spleen. The diaphragm 
was at the fourth intercostal space at both sides. 

Heart; Measurements: weight, 200 gm.; aortic ring, 5 cm.; mitral ring, 8.5 
cm.; pulmonic ring, 6 cm.; tricuspid ring, 9 cm.; left ventricular waU, 15 mm.; 
right ventricular wall, 4-5 mm. (Tlie average heart weight for a nine-year-old child 
is 108 gm.) The epicardial fat was slightly icteric. The organ was moderately 
li}*pertrop}iied. The left ventricle, which usually forms not more than one third of the 
anterior surface, in tliis instance formed half of the anterior surface and the entire 
apex. The myocardium was pale red and flabby. The right auricle was moderately 
dilated but not hypertrophied, and the trabeculae carneae were flattened. The riglit 
ventricle was moderately dilated and hypertrophied. Both inflow and outflow tracts 
of the riglit ventricle were increased in length, particularly the latter. Tlie pulmonic 
conus was slightly dilated. The left auricle was moderately dilated and slightly 
hypertrophied. The left ventricle was considerably hypertrophied and moderately 
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dilated, wtli considerable tigering of subendocardium. Tlic leaflets were sliglitly 
icteric, but otherwise showed no abnormalities. The coronarj’ arteries, sinuses, and 
veins were normal. 

Microscopic Findings of Heart: Cloud}' swelling and fragmentation of fibers. 
Cross-striations indistinct. Moderate amount of perivascular fibrosis. Muscle fibers 
hjiiertrophied. Kuclei hypertrophied. Lymphocytes and large mononuclear cells in 
interstitial tissue, usually where degeneration was most raarhed. A few of the 
nuclei gave faintly positive reaction for iron. 



Fig. 1 . — Pliotomicrograph, liigh power, showing cai’diac hypertrophy. 


Pulmonary arteries, veins, and bronchi were normal. 

Tlie liver, the sideen, and the skeletal system showed the findings common to 
cases of advanced hemoblastic anemia, 

DISCUS.STOX 

It 5s intcre.sUi)g to I’cview some of tlie Imotvn pltysiological facts per- 
taining to cardiac liypertrophy and to iiujuirc wliethcr these facts fnr- 
nisli an explanation for cardiac hypertrojiliy in our ca.se. 



NESIET-GROSS : CARDIAC HYPERTROPHY IN COOLEY ’s ANEAIIA 355 

Frank/ supported hj Stranb* and by Wiggers/ lield that the force of 
contraction of a mnscle was dependent upon the initial tension to which 
it is subjected before contraction. Starling and his associates/’ how- 
ever, contended tliat wliile, in general, initial fiber tension corresponded 
to initial fiber length, the efficiency of fiber contraction was determined 
solely by initial fiber length. 

The mechanism whereby the heart does more work has been shown 
to be the same both in the normal and in the abnormal heart. Up to a 
certain point, increased fiber length is associated with a rise in intra- 
ventricular pressure and in the height of the isometric contraction curve. 
By increase of volume the normal heart, as shown by Starling and 
Yisscher,^'^ is capable of a wide range of augmented cardiac output and 
efficiency. With removal of the demand for increased work, the fiber 
resiunes its normal size. However, wlien tlie heait has for a long time 
worked against increased resistance or heightened venous infiow, fatigue 
and a loss of muscle tone set in. Greater fiber stretching is then required 
to produce relatively small rises in intraventricular tension. With the 
persistence of fatigue, despite increasing diastole, both the tension and 
the isometric contraction curve actually fall. 

The diseased heart in its response to work corresponds to the working 
of the nondiseased heart in fatigue, in that small increases of work 
require relatively large increments in fiber length. Increased fiber 
length, which in the normal heart is transitory only, in the diseased heart 
is usually chronic since cardiac enlargement is common in heart disease. 
This long-standing increased fiber length appears to be the stimulus in 
the diseased heart for muscular hypertrophy. The persistence of aug- 
mented fiber length results sooner or later, however, in dilatation from 
inadequate nutrition and insufficient oxygenation. Dilatation, if per- 
sistent, leads in turn to additional hypertrophy from increased diastolic 
stretching. A cycle of dilatation producing hypertrophy may repeat it- 
self for a long time. Eventually, for some unlmown reason in the 
metabolism of muscle, dilatation ceases to produce the stimulus for addi- 
. tional hjqiertrophy. 

Both cardiac hypertrophy and dilatation have been obseiwed experi- 
mentally in anemia. In our case long-standing severe anemia was pres- 
ent. Increase in volume, corresponding to increased fiber length, was 
Imowii to exist clinically. Necropsy revealed also marked cardiac lijqDer- 
trophy. In the absence of any other demonstrable factor, it seems reason- 
able to suspect that long-standing increased fiber length was the physio- 
logical stimulus for the cardiac hypertrophy observed. It is likely that 
the hypertrophy following dilatation resulted in maintaining the 
efficiency of the heart. With the persistence of severe anemia and 
anoxemia, however, the functional factors responsible for additional 
dilatation were present and produced even greater hypertrophy’'. 
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]3eci'casiiig oxygen saturation is associated 'with progressive cardiac 
dilatation. Dilatation increases the demand of the heart for oxygen. In 
our ease, though the demand of the heart for oxygen was increased by 
dilatation, the severe anemia with diminished hemoglobin and the corre- 
spondingly reduced oxygen-carrying capacity may have led to a primary 
loss of contractility from iuadeqiTatc oxygenation.^ 

Hypertrophy prodiieed a mechanical disadvantage since the blood 
supply was dist.rilmted over a relativeh' larger area. Oxygen absorption 
is Icnown to be greater at slow than at fast jjulse rates, and HaiTison 
and his eoworkers^® have called attention to the fact that while the lieart 
muscle of patients with heart disease is usually thicker than normal, the 
pulse rale is usually not correspondingly slower. Hypertrophy evi- 
dently maj' also be a contributory factor in producing a primaiy lo.ss of 
coTitractility from nutritional insufficiency. 

The occurrence of cardiac dilatation in severe anemia is well Imown. 
"With this dilatation, increased fiber length or fiber tension, or both, are 
of necessity present and constitute the prime factors responsible for 
cardiac hypertrophy. Nevertheless, the development of cardiac InTDcr- 
trophy is a rare occurrence in severe anemia. In other conditions, 
notably essential hypertension, particularly in women, and in chronic 
congestive failure due to aiicriosclei’otic heart disease, long-standing in- 
erea.sed diastolic length and tension may be assumed. Similarly, in a 
considerable number of those cases, too, cardiac hypertrophy does not 
develop. Evidently in addition to long-standing increased diastolic 
length, there must be some other factor in the absence of which cardiac 
hypcrtro])hy does not develop in a considerable percentage of cases of 
chronic congestive failure and in most cases of severe anemia. 

SUMMARY 

A case of severe anemia associated with cardiac hypertrophy is re- 
ported. The physiological factors rcspon.sible for cardiac hypertrophy 
are briefly discussed. An attempt is made to explain the cardiac hyper- 
trophy in tin's case from a physiological point of view. 

Cardiac hypertrophy is rare in anemia. Since dilatation is usually 
present in severe anemia and increa.sed initial length may therefore be 
assumed, .some factor other than chronically increased initial length 
must be pre.sent for cardiac hypertrophy to develop. 
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mDELY PATENT FORAMEN OVALE«‘ 

Case Report "With Discussion of Diagnosis 

Herman Tarnomtcr, M.D., and I. Ogden ^Voodruff, M.D. 

New York, N. Y, 

C OiVIPLETE anatomical closure of the foramen ovale, in the majority 
of cases, does not occur until the second postnatal jmar and in many 
instances it is delayed much beyond this period (Patten®). The general 
incidence of the probe-patent foramen ovale in individuals twenty years 
of age or over is approximately 23 per cent (Seib^°) and can hardly be 
considered abnormal. A -widely patent foramen ovale, however, is a rare 
congenital anomaly which gives rise to characteristic cardiovascular mal- 
formations. The embryologicai and the pathological features of aui’ieiilar 
septal defects have been described in detail by Abbott.^ 

Roesler,® in an extensive review' of the literature, found 62 cases "^vith 
interatrial septal defects of 1 cm. or more. He gives a very complete 
summai'j' and discussion of the clinical features, the pathological phys- 
iologj', and the laboratory findings, and points out the following: (1) 
the average duration of life is thirty-six years; (2) three-quarters of 
the cases are complicated by other valvular lesions, the majority of which 
are mitral; (3) none is complicated by endocarditis; (4) all the hearts 
are large, and some are enormous, even in the absence of a vahuilar lesion, 
and this enlargement is due entirely, or almost entii’cly, to a right-sided 
dilatation w'hich exceeds hypertrophy in a disproportionate degi’ee; (5) 
the size of the heart is influenced by the size of the defect; (6) auricular 
fibrillation is common, thus distinguishing it from all other congenital 
cardiovascular malformations; (7) the five cases -with electrocai'dio- 
graphic tracings all show definite right axis deviation, which, ho-^vever, 
is marked in only one case. 

Assmann^ was the first to describe the characterLstic roentgenological 
findings of a small aortic knob, prominent pulmonai'y conus, %vide hilar 
vessels, and an enlarged, globular heart. McGinn and White^ have 
summarized twenty-four cases in interauricular septal defect associated 
with mitral disease (LutemhachcrV di.sease). Similar cases have been 
reported.*’ "• ® 

The purpose of this presentation is to repoit a case of widely patent 
foramen ovale which illustrates the clinical, roentgenological and elec- 
trocardiographic peculiarities of this congenital defect. 

REI’ORT OF CASE 

I. G., a .'^f;vcnty-«'vi’n-year-ol(l Hungarian born, while female, iva.s aflmitted to 
the First Aledieal Division of Believe Hospital on the service of Dr. I. 0. WoodnilT 

•Prom t!ir. Fir.fct Columbia Medical Division, Bellevue Hospital, 
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on Axig. 21, 1935, complaining of dyspnea, orthopnea, and substernal pain of six 
•vreeks’ duration. The history was not entirely satisfactory because of language 
difficulty. The present illness started six weeks before admission with attacks of 
sharp, stabbing precordial pain which did not radiate and wliich was accompanied by 
dyspnea and orthopnea. Such episodes occurred with the patient at rest or very 
often were incited by exertion. Two weeks later, she first observed edema of the 



Pig. 1. — The upper half of the left cardiac border is formed bv a lare-e rnnnrieri 
pulmonary conus -which is sharply offset from the calcified aortic knob suneriorlv 
and from the left ventricle inferiorly. There are congestion and fibrosis at both hiior 
areas, -which extends into bases. The cardiac apex is obscured. The aorta -krifhin 
normal limits despite the presence of hypertension. ^ ® Within 


The review of 


ankles which was progressive up to the time of her admission, 
systems, past history, and family history was noncontributory. 

The temperature was 99.2° F., the pulse 98, respirations 30, and blood pressure 

140 / 110 - 100 . prcssuic 
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On atiinission the patient was noted as a small, poorly nourished and developed, 
old white female complaining bitterty of precordial pain. She was dj'spneic, 
orthopneic, and cyanotic ; noisy and unintelligent . The pupils were equal and reacted 
to light and in accommodation. Fundi showed advanced sclerotic changes. Tiie 
mucous membranes were pale and cyanotic. Hearing was unimpaired. There was 
complete edentia. The lymphatic system was negative. The neck veins were slightly 
distended. The right breast was fuller and larger than the left, but no masses were 
felt. Eesonance throughout both lungs was unimpaired, ilany moist rales were 
heard over both bases. The apical impulse was palpable in the fifth space at the 
anterior axillary line. Conus dullness was definitelj* and markedly widened. A 
systolic thrill was easily palpable over the pulmonic area in the second interspace 
to the left of the sternum. The second pulmonic sound was accentuated and greater 
than the second aortic sound. A loud, rough systolic murmur was present over the 
pulmonic area. Tlie .second aortic sound and a soft systolic blow could be heard over 
the carotid arteries in the neck. A blowing systolic murmur of moderate intensity 



Fig, 2. — Auricular fibrillation witli right axis Oeviation is present. The auricular 
oscillations are lairly coarse. The ventricular rate averages 75 per minute. The QRS 
intcrv.al is 0.08 sec. ' Ki and R; are slurred. T is flat in Lead I, and upright in Lead 
IT. The R-T segment i.s conc.avo in Lc.'ids IT .and III. 

was present at tl>e apical urea. Tiic heart was irregular in rate, force, and rliythin, 
and tliere wa.s a pul.so deficit. Tlie radial ve.«.«el.s wore markedly .sclerotic. A tender 
liver edge was jialpable three fingerbreadths below the costal margin. There was 
pitting edema over the lower extremities extending to the midlhigh. The fingers and 
toes showed no clubbing. Eeflexes were phy.sjological. 

Course. — The patient responded very well to bed rest, diuretics, .sedatives, and 
digitalis and wa.s di.«ehargcd after seven days to the Cardiac Clinic, whicli she failed 
(o attend. On Bepl. 21, lilJo, one month later, she was readmitted complaining of 
precordial pain, dyspnea, and edema of the ankles. Tiic blood pressure was 170/110. 
There wivs auricular fibrillation with rapid ventricular rate and a i)u]se deficit. Other 
signs were .sinfilar to those de.“cribed upon the fir.sl ndinis.sion. Symptomatic therapy 
wa.s inelTcetive, and th(‘ jiutient expired on the third day after admission. 

Auiopxy (I’orfonned by Dr. Schmidt, three hour.s after death). — 'I’he body wa.s 
that of an adult white fiunale, about seventy year.s of ago;, weighing about 120 
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pounds and appearing" in fair stale o£ general nutrition. Moderate amount of 
grajusli hair was present upon the head and over the anterior pubes. Pupils were 
equal and regular, and conjunctivae, smooth and glistening. Tlie nares and moutli 
were natural. Tlie thyroid was not enlarged. The chest presented no abnormalities, 
and botli breasts were small and atrophied ; no masses were felt in either breast. 
The abdomen wjis somcAvliat distended, and there were several superficial, dilated 
veins in both upper quadrants. The extremities shoAved no cyanosis or clubbing, 
but there Avas considerable edema of both lower legs, extending from the ankles 
up to the Itnees. 

On section, the subcutaneous fat Avas moderate in amount, and the musculature 
Avas flabby. The peritoneum Avas smooth and glistening and free of exudate. 
The abdominal caAuty contained about 2,000 c.c. of thin, serous fluid, free from 
hemorrhage. The abdominal organs A\’erc apparently in their natural place.s. 

Chest : The sternal plate Avas not removed OAving to the limitation of permission 
to abdominal incision. It Avas determined, hoAA'CA’er, that no fluid aa'us present in 
cither lAleural caA’ity. 

Lungs: Both lungs Avere of natural size and somcAvhat heavier than normal. 
Visceral and parietal pleurae were quite separate, and the A'isceral pleura Asms 
glistening and free from exudate. There Avas a subminimal crepitation throughout. 
On section, homogeneous, dark red lung surface Avas rcA-ealed Avith a moderate 
amount of pigmentation. The surface Avas excessively moist, pitted upon pressure, 
and an excessive amount of blood and fluid could be expressed. Major and minor 
bronchi Avere natural. 

Heart AA-as greatly enlarged, Avoighing 505 gm. The pericardial caA-ity contained 
about 30 c.c. of thin, serous fluid, with no evidence of recent pericarditis. The 
pericardial surface on loft anterior aspect of heart Avas roughened and had lost 
its normal glistening appearance. On opening tlie lieart, it Avas found that the 
endocardium Avas smooth and glistening. The coronar}” sinus Avas some\A’hat dilated. 
Tlie foramen oA-ale Avas parent, measuring 4 cm. in diameter. Edges Avere smooth. 
Tricuspid ring measured 13 cm., had a mild amount of sclerosis at the free margins. 
Chordae tendineae were thin and not fused. The right auricle appeared tremendously 
dilated. The pulmonic orifice measured 10 cm. Its cusps Avore three in number. 
A mild degree of fusion for about 2 mm. was found at the junction of the commis- 
sures. There Avas a mild degree of sclerosis at the free edge. The right A-entricle 
Avas both dilated and hj-pertrophied, although the former condition Avas much more 
pronounced. The right ventricular chamber aa-us approximateh' tAvice as large as the 
left. The right ventricular Avail measured 6 mm. at the point of maximum thickness. 
Columnae carneae appeared flattened out. The pulmonary artery measured 10.5 
cm. just distal to the pulmonic orifice, and a moderate number of yelloAvish 
plaques AA-ere present throughout. It Avas thin Availed, dilated, and inelastic. The 
mitral orifice measured S.5 cm. There was no fusion in the anterior and posterior 
cusps. There AA-as a moderate amount of fatty, calcareous deposits in between the 
tAvo cusps. There was no shortening or fusion of the chordae tendineae, although 
they appeared somcAvliat gi-amsli and sclerotic. A moderate amount of sclerosis Avas 
seen along the free margin of the posterior cusp. The papillary muscles AA-ere 
somcAA-hat hj-pertrophied, and the columnae carneae AA-ere only moderately flattened. 
The aortic orifice measured 7.5 cm., and the cusps Avere three in number. There 
Avas fusion at the commissural junctions for a distance of about 3 mm. There Avas 
some sclerosis at the base of the cusps. The left A-entricular cuAuty was both hyper- 
trophied and dilated, although the dilatation Avas very slight. The left ventricular 
Avail measured 1.8 cm. at the point of maximum thickness. On section the cardiac 
muscle showed no fibrosis or fatty infiltration. Coronary ostia were patent, and 
traced throughout, showed a moderate amount of calcareous deposits in the wall 
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■nith visible encroachment upon the lumen. No thrombosis was seen, however. 
The inferior vena cava was dilated. 

Aorta measured 6.7 cm. just distal to the aortic orifice, G cm. in the region of the 
arch, and 4.5 cm. in the region of the descending abdominal aorta. The ascending 
aorta is less than two-tliirds the size of the pulmonary artery. Throughout, the wall 
was somewhat thicker than natural, had a reduced elasticity, and showed a moderate 
number of yellowish white plaques throughout. No calcification or ulceration was 
seen. 

Liver weighed 1,450 gm. Its capsule was smooth and glistening. On section 
a homogeneous reddish brown liver tissue was seen. On pressure, an excessive amount 
of blood could be expressed. The gallbladder measured 7 cm., ;vas free of stones. 



Fig. 3. — A photoeraph of the right side of the heart illustrating the inferior vena 
cava and patent foramen ovale. Note the dilated and hypertrophied right ventricle 
and the large right auricle. 


with its mucous membrane intact. The biliary radicles wore natural. Hepatic artery 
and portal vein showed Jio change. 

Spleen was small, weighing 100 gm. Capsule was thick and blue in color. On 
section, it was rather firm, dark rod, with an edematous surface, from which an 
excessive amount of blood could be expressed. There were numerous whitish streaks 
.=cen on the cut .surface. The splenic artery and vein shotved no change. 

Pancreas was of natural size and, seen from tlie surface, presented a grayi.sh, 
lobulatcd appearance. On .=ection the pancreatic tissue appeared small in amount 
and atrophied. There were no areas of fibrosis or neoplastic infiltration. 

Adretials: Both adrenals were small, and lay in natural position. .Section re- 
vealed a rather well-{ire.'i(‘rved stjite of the cortex and medulla. 





TARNOWER AND WOODRUPE: PATENT FORAMEN OVALE 


363 


Kidneys botli were of natural size and weiglied 130 gm. each. Tire capsule 
stripped wdtli ease, revealing a surface tliat was reddish in color with no visible or 
palpable granules. There were many areas of scarring on the kidney surface. On 
section, the cortex. was demarcated from the medulla and measured 9 mm. The kidney 
felt rather firm and congested. The medulla was natural. The pelves, calyces, and 
ureters showed no changes. 

Bladder was small, contained about 10 c.c. of urine. The mucous membrane was 
intact, and the openings of the ureters were patent. 

Gastrointestinal Tract: Esophagus was thin walled, with no ulceration or stric- 
ture. The stomach was small and contained about 20 c.c. of xmdigested food ma- 
terial. There were no hemorrhages and no visible neoplastic or ulcerated areas. 
Pylorus was intact. Duodenum was natural. The remainder of the small intestine 
was thin walled and showed no change. Large intestine was natural, free from 
ulceration, newgrowth, and contained a moderate amount of dark yellow feces. 
Eectum and anus were without change. 

Genitals: Uterus was small, atropliic, measuring 2x2 cm. and was retroverted 
into the culdesac. The cervix was small and free of ulceration. On section, the 
uterme muscle appeared tibrotic and atrophic. Tlie endometrium and cervical canal 
were atrophic. Tubes were thin walled, and the ovaries were small and atrophic and 
sclerotic. 

Eead was not examined. 


DISCUSSION 

The cardiovascular malformations secondary to a widely patent fora- 
men ovale are probably best explained bj" the assumption that blood is 
shunted from the left to the right auricle. In accordance with Starling’s 
law of the heart, the right auricle and ventricle dilate and become hyper- 
trophied through the handling of an increased volume of blood. Be- 
cause of the decreased volume of blood passing into the left ventricle 
and the arterial system, they become hypoplastic. The pathological 
physiology manifests itself clinically in the patient through pallor, 
a short stature, and a slight build. Cyanosis is usually not present 
until there is cardiac failure and the direction of the blood flow is 
reversed so that it flows from the right auricle to the left, “cyanosis 
tardive. ’ ’ 

The physical signs as reported in the literature are extremely variable 
and their interpretations apparently impossible. In the case under 
discussion the hjqiertrophied conus arteriosus, dilated pulmonaiy artery, 
and increased pulmonary pressure might easily explain the accentuated 
pulmonic second sound, systolic thrill, and rough systolic murmur 
noted in the second interspace to the left of the sternum, just as these 
signs are found in mitral stenosis of a severe grade with marked conus 
enlargement. The fact that the auricles were fibrillating makes it 
fair to assume that they were incapable of producing such signs. Even 
if there had been a. regular rhythm, it is hard to conceive of the auricular 
contraction causing a systolic thrill and a rough systolic murmur. It 
is interesting to note that despite a definite hypertension the electro- 
cardiographic tracing shows the characteristic right axis -deviation. 
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Tlio exact cause for the c 3 'anosis, enlarged liver, and edema is dif- 
ficult to determine. Such signs frequentlj’^ occur in the decompensated 
heart, and, though thej’ have been described as tj'pical of the failing 
heart with a large auricular defect, the.v are bj- no means pathog- 
nomonic. 

summary 

A case of wideh" patent foramen ovale in a female aged seventj'-seven 
\'ears is reported illustrating the characteristic physical signs, x-ray 
and electrocardiographic changes. 

Among the features of a widel,y patent foramen ovale, the following 
maj' be listed: 

1. Delicate physical make-up. 

2. Cyanosis tardive. 

3. Physical signs : 

a. Large heart 

b. Prominent conus 

c. Unusual signs at the ba.se (not common). 

4. Koentgenologieal features: 

a. Small aortic Icnob 

b. Prominent pulmonary conus 

c. Wide hilar vessels 

d. Enlarged, globular heart. 

5. Electrocardiographic findings: 

a. Eight axis deviation 

b. Auricular fibrillation (relativelj' commoir). 

This case further sciTOs to illustrate the rather benig7i nature of a 
large intej’auricular septal defect when unaccompanied b.v a valvular 
lesion. 
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MASSIVE CALCIFICATION OP THE MYOCARDIUM 

Report of a Case 

J. A. Redfearn, M.D. 

Albany, Ga, 

M assive calcification of the myocardium is a veiy rare condition, 
and one of which there are not more than a . dozen available re- 
ports in the literature. The following case is of interest in that there 
was practically complete calcification of the anterior half of the left 
ventricle associated wnth occlusion of the descending ramus of the left 
coronary artery, the historj'^ indicating that this occlusion took place 
nine years before the death of the patient. 

case report 

,T. W. G., a white male, agerl fifty-eight years, complainefl of shortness of breath 
upon slight exertion and slight swelling of the legs during the day. At twenty-one 
years of age he had had inflammatory rheumatism, which left a stiff right wrist. 
Otherwise he enjoyed good health until September, 1920, when he was directing 
a crew of men in moving heavy books and equipment from the seventh floor of a 
building which had been so damaged by a tropical storm that the elevators could not 
be operated. While doing some heavy lifting during the rush, he felt something 
"tear in his heart." He became very weak and was unable to Avork and consulted a 
doctor who gave him treatment for heart disease. He returned to his home in 
Albany, Ga., in April, 1927, still weak and, according to the statement of his wife, 
colorless. During his illness he had continued to take digitalis prescribed at the 
time of his injury, which relieved a "little fullness" in his chest. During the next 
tAVO 3'ears he rested, spending about eighteen hours a day in bed. Occasionally ho 
Avould Avalk a block or tAvo but this caused a "burning sensation in his chest, but no 
pain." This feeling Avas relicA^ed by rest in a fOAV minutes. In 1929 he regained 
his usual good color and normal AA’eight and could AA'alk a mile AA-ithout difficulty. 
He had had no operations, no venereal disease. 

When I first .saAv the patient in March, 1932, he stated that he had taken digitalis 
for fiA’e or six years and that it relieA-ed a fullness in his chest better than did any 
drug that he had tried for the relief of pain. At this time he rested for a fcAV 
days but soon felt A-ery aa’oII and retunied to his job as .superintendent of a bus 
station. In NoA-ember, 1934, I Avas agJiin called to see him because of an attack 
of influenza. The attack aaos mild but left him so AA’oak that he was unable to Avork 
for about tAvo Aveeks. His heallh Avas fairly good e.xcept for a severe cough AA-hicli 
digitalis did not rclicA-e as aa’cII as it formerly had done. In February, 1935, he 
noticed considerable edema of his legs and dyspnea upon .slight exertion, and he 
rested in bed for Iavo Aveeks Avithout consulting a doctor. He improved Avith rest 
ami called at my office on March 4. 

Pinisical cxavnnniion at this time showed the cardiac impulse to be in the sixth 
space I inch outside the midclavicular line. The rate was 90; occasional premature 
(amtractions Averc present; blood pressure 325/S5. (The patient stated that he never 
had ha<l high lilood pressure.) There were no murmur.s, but on J^Iarch 0 an inter- 
mittent gallop rhythm Avas noted. Aloderate dullness and rales AA'crc present at the 

3G5 
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right base. Liver dullness extended two fingerbreadtlis below the right costal border, 
and the patient complained of epigastric fullness as though he had eaten. There was 
moderate pitting edema of the shins. Orthopnea was never present, and, even when 
cardiac failure became more pronounced, the xiatient rested better without a pillow. 
The urine showed two-plus albumin with occasional hyaline casts. 

Siihsequent Course. — After this date the patient spent most of his time in bed, 
comfortable until August 1, when edema could no longer be relieved by rest, 
diuretics, and restricted fluids. He became progressively worse and died on Aug. 31, 
1935. 

The Electrocardiogram showed sinus tachycardia -with rate of 130, occasional 
ventricular premature contractions. P, was notched and P-R interval 0.18 sec. 
QES group showed slurring of the downstroke in Lead I, prolongation to 0.12 sec., 
and left axis deviation. T, showed high take-off and sharp inversion; T, was up- 
right; and T, was sharply upright and greater than T,. 

Clinical Diagnosis. — Etiological, arteriosclerosis; anatomical, coronary sclerosis, 
coronary thrombosis and myocardial infarction; physiological, sinus mechanism, 
cardiac decompensation, anginal sjmdrome (?); functional, Class 3. 

Autopsy Findings of Heart. — The pericardium was attached to all sides of the 
ventricles by numerous strong fibrous bands of adhesions. The whole anterior wall 
of the left ventricle was rigid, but appeared smooth and normal in shape. The 
percussion note was boardlike. X-ray examintition of the removed specimen revealed 
a large area of calcification deposited in the anterior w.all of tiie left ventricle and 
extensive calcification of both coronary arteries. Dr. Koy E. Kracke, of the Emory 
University Department of Pathologj', examined the specimen and reported: 

"The specimen consisted of a heart which liad been fixed in formalin. It was of 
approximately normal shape. The pericardial surface, particularly on the anterior 
left ventricle, was markedly hemorrhagic with numerous petechiac and ecclij-motic 
spots on the surface of the muscle. Also, on this same area were numerous fine 
fibrous adhesions. Sections of this area showed vascular channels which no doubt 
contributed a collateral blood supply to the left ventricle. 

“The heart was slightly enlarged and weighed little more than a normal specimen. 
The weight was influenced by fixation to some extent. All valv-ular measurements 
were approximately normal. The aortic valve leaflets were smooth and pliable with 
good approximation at the commis.«ures. The pulmonic v.alve was also normal. The 
edge of the mitral valve showed what is a questionable thickening and retraction of 
the free edge, although the line of clo.sure wa.s normal. This could have developed by 
fixation. 

"The anterior half of the left ventricle was practically completely calcified, the 
area of calcification being hard, crackling, brittle, and white. It ranged in thicknes.s 
from 0.5 cm. to only 3 ram. at its jioint of least thicknes.s, which was near the apex. 
Tho calcified area measures 8 cm. in diameter since it is shaped like a half of a 
sxdiere. There is very little myocardial tis.sue in the area. The po.sterior half of 
the left ventricle is composed of normal myocardium with an occasional spot of 
fibro.sis and calcific.ation. 

"The aorta about the coronary orifices .shows a thickening with atheromatou.s 
plaques to the extent that there is almost complete closure of the left coronary open- 
ing. Examination of the left coronary shows a marked degree of calcification and 
intirnal thickening along its entire length to the x»oint of bifurcation where there i.s 
a complete calcified occlusion at the beginning of the anterior de.^cending branch, 
with atrophy of that branch. This is an old le.sioii and was that which took jdacc 
nine years before the death of the patient and which w.as followed by calcific.ation 
of tliC })art suxiplied by that branch. 
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“Diagnosis . — Massive calcification, of the anterior left ventricle, following occlu- 
sion of the left coronary vessel at its bifxircation, this followed by development of 
collateral circulation through adhesions formed as a result of the infarction at that 
time. ’ ’ 

COMJIENT 

The case of calcification of the myocardium here reported is of interest 
because the process was so extensive as to involve the entire anterior 
half of the left ventricle, because the histoiy extended over a period 
of nine years, and because vascular channels were demonstrated in 
the pericardial adhesions, a condition similar to that found in the cases 
reported hj- Beck, Tiehy, Hirschhoeek, and others. 
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ACUTE BACTERIAL ENDOCARDITIS IN INFANTS 

Report of a Case 

P. W. Mulsow, M.D., H, R. Hess, M.D. 

Cedar Rapids, Iowa 

C ASES of acute endocarditis in infants are not often reported in the 
medical literature, and the diagnosis is often not made until the 
necropsy. IMost of these eases are associated with septic conditions in 
other parts of the body. 

It is not our purpose to review the literature, since that has been 
done by others. One of the more recent reviews of this subject is given 
liy Sansby and Larson.^ They could find reports of only five eases in 
infants under seven months of age. They report a case in a boy five 
weeks old, wliieh followed an attack of influoiza of the mother, jilc- 
Ga7-tney- suggests that the throat ivas the pi-obable source of infection 
in his ea.se. Other cases associated with septic cojiditions at birtli have 
been reported in mfants a few "days old. 

CASE REPORT 

This patient, a boy four months old, weighed 8 pounds and 3 ounces at birth. 
He was breast fed for throe month.s and had been given .supplomenlal feedings of 
milk during the fourth month. He had gained in weight normally and seemed en- 
tirely well until ten days before entering St. Luke's Hospital. At this time he 
refused the bottle for the first time and also had a slight cough. He was taken 
to the family physician who noticed a slight swelling in the region of the right 
jiarotid gland, which was suggestive of mumps. The temperature was normal, and 
the mother was instructed to return in a few days if the child was not improved. 
Haring the following week the mother noticed that the child had a mild fever 
at times but did not consider him very sick, although the glands of the neck 
were much larger. On the eighth day after the onset he was again taken to the 
family jihysician because of a high fever, which was found to be lO.o* F. One 
day before entrance to the hospital he was seen by one of us, who advised hos- 
pitalization and a thorough study of his condition. 

On entrance to the hospital his temperature was 103.8“ F.; the pulse was 130; 
and the respirations were 30. The following dar' the examinations of the oto- 
laryngologist were negative except for the enlarged lymph glands of the right 
side of the neck, below the angle of the jaw and in the region of the parotid. 
X-ray studies of the sinuses and chest were negative. On the second day of the 
hospitalization the hemoglobin was SO per cent; the red cells numbered 3,850,000; 
and the white count was 11,800. The urine on three examinations during the hrst 
two days was negative except for moderate amounts of acetone. 

On the founh day a few small peteehiac were noticed beneath the nails of the 
toes and fingers. The pediatrician called in consultation suggested an x-ray study 
of tiio cliest and long bones, but the report on the.«e was negative, A blood culture 
grew many ciiains of Strnplococcus hcmolyticus. The physical c.xaininations were 
negative except for tJie enlarged gland.s of the neck. The pulse was very rapid and 
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the fever varied from 101° to lOo® F. The fever was the septic type, and death oc- 
curred on the eighth hospital day, seventeen days after the onset. 

The necropsy, which was held a few hours after death, revealed many petechial 
hemorrhages in the skin and serous surfaces. The Ijmiph nodes of the right side 
of the neck were enlarged, and those below the angle of the jaw were about 3 cm. 
across. The peritoneal cavity contained about 200 c.c. of clear straw-colored fluid. 
The lungs were congested but contained no abscesses or regions of consolidation. 
The heart weighed 13 gm. and many petechial hemorrhages were present in the 
pericardium. The right posterior aortic r-alve cusp was shortened and quite thick. 
Its surface was rough and covered with vegetations. These extended down on the 
endocardium of the left ventricle for a distance of abont 5 mm. There were no 
evident changes in the other valves. The aortic and mitral valves are shown in 
Fig. 1. There were multiple recent infarcts in the spleen and kidneys. 

The anatomical diag7iosis was streptococcus septicemia with j)etechjal hemor- 
rhages in the skin and serous surfaces, infarcts of the spleen and kidneys, ulcerative 
endocarditis, and enlarged glands of the neck. 



Fig. 1. 


COMMENT 

The symptoms in this case wore those of sepsis, diagnosis of which was 
confirmed by the blood culture. Other foci of infection than those of the 
throat were sought in vain. Abnormal heart sounds were not heard on 
several examinations. The rapid rate of the heart and the low blood 
pressure in infants make it very difficult to detect disease of the heart 
valves in such eases. The throat was the apparent source of infection 
in this case. 
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Greene, Charles W.: The Nerve Control of the Coronary Vessels With New Ex- 
perimental Evidence for rhe Pathways of Efferent Constrictor and Dilator 

Neurones in the Dog. Am. J. Physiol. 113: 361, 1935. 

The (lata and discussions presented in this paper arc condensed and briefed from 
a very large mass of observations on the dog. The illustrations are chosen for 
typos and the protocols ndtli each illustrate the method of comparison used. The 
major points are: 

The efferent neurones to the coronarv' vessels are of the usual vascular antagonistic 
tv^ws of constrictor.s and dilators. 

The coronary dilator neurones are of greater mass development, produce the 
more profound coronai-y reactions, and are more sensitive to stimulation. 

The coronary dilator neurones arc of thoracic spinal origin. They reach the 
heart ehietly via the stellate and the inferior cervical ganglia and the cardiac nerves 
arising from this region. 

Author. 

Kingisepp, G.: The Wash-Out of Cardiac Glucosides From the Frog’s Ventricle. 

.T. Pliarmacol. & E.xper. Thcrap. 55: 377, 1935. 

The author has investigated the reversibility of the action on the isolated and 
artilicially stimulated frog’s ventricle of the following drugs: (a) infusion of 
digitali.s, (b) g-strophantliin, (c) ouabain, (d) digoxin, (e) scillaren, (f) 
k-slrophanthin, (g) digitoxin. 

In the case of all these drugs, washing-out produced recovery- even after systolic 
nrre.«t had been induced. The recovery was complete because a second intoxication 
followed exactly the same course as the finst. The action was equally reversible wlien 
Pingor's .eoliition or blood idasma was u.^cd, or when the drug was given to the intact 
frog and the arrested heart was excised and perfused, ’fhe ease with which the 
jK-tion could be re,s-er.«ed varied greatly with the different drugs. 

The proce.s.s of intoxication can be maintained by concentrations of glucoside far 
smaller than those needed to initiate intoxication. 

The comlhnation between glucosides and lioart muscle resembles an adsorption 
process, but it is necessary to assume that hysteresis occur-s. 

Author. 

Porter, W. B.: Diaphragmatic Plutter With Symptoms of Angina Pectoris. 

,r. A. .’(L A. 106: 992, 2936. 

Tlie case reported is unique in that the movement of the minor contractions was 
recorded tcriiphically and the nitc rva-s found to be 300 or more per minute, and a 
study of the diaphragm under the fluoroscope showed that the contractions were 
bihiteral, .spread over the entire diaphragm and apparently rhythmic in time and 
aniplitnde. The fenn "diaphragmatic gutter" is rao.st appropriate and descriptive 
of the observed phenomenon. 
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There was associated mth the disturbance of diaphragmatic function severe pain 
in the left pectoral muscle and in the left arm and hand over an area correspond- 
ing to the eighth cervical and the first, second and third dorsal segments of the 
cord. Over tlie area of referred pain there was marked hj'peresthesia, wliich per- 
sisted even after relief from pain followed cessation of diaphragmatic flutter. 

Experience with this patient suggests that there is a sjmdrome which is quite 
similar to angina pectoris and is directly related to a functional disturbance of the 
diaphragm. Just how much emphasis should be placed on the sjmdrome is difficult 
to decide. It is conceivable that disturbances of the diaphragm of a similar type to 
those observed in this patient may be more frequent than has been realized, for the 
clinical symptoms and physical phenomena are most elusive and it would be quite 
explicable for one to class a patient as a malingerer or conclude that a coronary 
accident had occurred while the true nature of the illness goes unrecognized. 

The diagnosis may be further confused by temporary alterations in the electro- 
cardiogram made during the peak of a paroxysm. Just how these changes are 
produced is difficult to conceive, unless there occur in the myocardium nutritional 
alterations. The disappearance of the changes with cessation of the diaphragmatic 
flutter suggests a direct relationship to the disturbance of diaphragmatic function. 

Experience with this patient and others who suffered from lesser degrees of what 
was manifestly a similar clinical condition gives evidence that the most important 
ditferontial diagnostic iroint between Heberden’s angina and the ‘ ' cardiodiaplrragmat- 
ic syndrome’"' is that the latter condition is characterized by a notable absence of 
substernal pain and constriction, and there is a tendency on the part of the patient 
to be restless, which is in bold contrast to the fixity of one undergoing an episode of 
angina pectoris. 

Author. 

Smith, Carl H.: A Method for Determining the Sedimentation Rate and Red 

Cell Volume in Infants and Children With the Use of Capillary Blood. Am, 

J. M. Sc. 192: 73, 193G. 

A method of determining the sedimentation rate of erythrocytes has been pre- 
sented which employs capillary blood and is suitable for use with infants and 
clxUdren. The tube that has been devised constitutes in effect a reduced macro- 
sedimentation tube in that it embodies the basic requirements of apparatus in 
which sedimentation tests are carried out with venous blood. Close agreement was 
noted in 102 comparative determinations with the method, in addition to 128 other 
microsedimentation tests, using blood from the heel of the infant or finger of the 
older child and nith a standard test utilizing venous blood. 

With the microsedimentation method described in this study in which 5 per cent 
sodium citrate was employed as anticoagulant, the average rate of settling in normal 
infants and children was 4.2 mm. for one-half hour and 9.1 mm. for one hour, with 
respective ranges of 1 to 8 mm. and 3 to 13 mm. The single determination at the 
end of one hour was sufficient for comparative purposes. At the conclusion of the 
sedimentation test, the tubes were centrifuged for one-half hour at a speed of 2,500 
revolutions per minute. The range of cell volume in the normal group was from 
30 to 40 per cent for citrated blood (average, 35,8 per cent). In a small group of 
infants and children with various infections, 95 per cent showed cell volumes of 
30 per cent for citrated blood (lower level of the normal group) and over. This 
minimal value is tentative and may require modification with more extensive in- 
vestigation. 

Since the determination of the sedimentation rate has been applied chiefly as a 
guide to infection, various procedures have been devised to correct for the factor of 
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anemia ivliicli in itself maAeilly influences tlie rate. ^Yhile tlicse motliofls are 
valuable, tliey are subject to the criticism that the test is thereby complicated and its 
availability for routine clinical use limited. It has, furthermore,- been emphasized 
that moderate jjrsules oC anemia cannot be dissociated from infection and that they 
usually fluctuate together. In the light of these objections and of others that are 
discussed, it is .suggested that wherever possible the cell volume percentage be re- 
ported together with the sedimentation rate. The rate of settling may then be 
evaluated in accordance with the extent to which the cell volume percentage approxi- 
mates the range of normal, instead of substituting for it a value derived by com- 
]iarison with an arbitrary standard. 

Authou. 


Adams, Wright: The Normal Duration of the Electrocardiographic Ventricular 

Complex. J. Clin. Investigation 15; 335, 1936. 

The most accurate formulas for the prediction of the duration of tlie electro- 
cardiographic ventricular complex (Q-T time) from measurements of pulse 
interval in a series of 50 normal males and 51 normal females arc: for males, 

Q-'f' = 0.1536 E-E -K 0.24G2, 

and for females, 

Q-T' = 0.1259 R-R ~ 0.2789, 

in which Q-T ~ duration of electrocardiographic systole, and R-R = pulse in- 
terval, A table is provided which simplifies the use of thc.se formulas. 

The use of ago, height, and weight of the individual, and height of the T-wavc 
and axis of the electrocardiogram does not appreciably increase the accuracy of 
prediction of tlie duration of the electrocardiographic ventricular complex. 

Other workers have found the duration of the electrocardiographic vcntideular 
complex to bo .shorter for corrcs^ionding jiul.^e rute.s. The reason for this dilTcreuco 
is not apparent, but .«overal possible explanations are discn.s.sed. 

AuTJion. 

Hamburger, Walter W., Katz, Louis N., and Saphir, Otto; Electrical Altemans, 

J. A. ]\r, A. 106; 902, 1936. 

In a case of transient isolated electrical altcrnans, autopsy revealed an anomalous 
di.'^tribution of the right coronary artery with a calcified plaque markedly narrowing 
its moutii, generalized coronarj’ artcrio.^clcro.sis, and multiple microscopic myocardial 
infarcts. In a second case of possible isolated electrical altenian.s, autopsy revealed 
multiple minute carcinomatous mctastascs within the myocai’dium and in the blood 
vessels of the hctirt. In the instance of altcrniins in auriculoventricular conduction 
no similar clinical report was found in the literature. It seems likely that the 
anatomical lesions in the first two instances, by leading to malnourisbment of frac- 
tions of the heart, were responsible fur the electrical altcrnans. They are, therefore, 
both of flic coronary type of Kisch. I’lie ujipearance of electrical altcrnans in in- 
.sfance.s in which the myocardial lesions arc small and scattered may be significant. 

search of the litorutnro revealed the rarity of i.solated electrical altcrnans, the 
first case being the fir.st de.“cribed in thi.s country and the first published with 
uccropsy data. 

The transitory uatvwe of electrical alternans is demonstrated in our fir.st cti.se. 
There i.-* a grave prognostic significtiiu-e of elcctricsil tiltonmiis. 

IMiilc altcrmuis ol tlu* licart may appear in .several forms, there is evidence to 
show that fundumentuUy the mechanism is iilentical in till instances; namely, 
tibernathm of activity of i.ortions of the lieart. The form taken by the alternans 
will depend on the distribution of the ulternuting portions of the heart. The 
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transient cliaracter of electrical alternans emphasizes the need for closer scrutiny of 
electrocardiograms. The gravity of alternans and tlie fact that it sometimes apijears 
only in the electrical form emijliasizes the need of becoming more '‘alternans con- 
scious.’’ If more attention were paid to electrical alternans, i)robably many more 
instances would be found. 

Author. 

Maher, Chaiincey C.: The Effect of Two Water-InsoUihle Sq[uill Glvicosids XTpon 
the Electrocardiogram. Am. J. Jf. Sc. 192: 41, 1936. 

The effects of squill glucosides upon the electrocardiogram appeared to be 
characteristic and fairly consistent, particularly upon the E-T and S-T segments. 
Tlie recorded changes of concavity and convexity produced were similar to those 
produced by digitalis as reported by Cohn and Pardee. In those patients whom 
we studied with both urginin and digitalis the changes produced were similar with 
equivalent amounts of each drug over equal period.s of time. 

There was a wide variation in the degree of effect produced in different patients, 
implying a variable amount of absorption of the ingested drug, a difference in the 
response of the patient, or other iinknown factors. 

In therapeutic doses, which is a relative term varying with each patient, the 
effects of urginin, like those of digitalis, appeared to be limited to an effect upon 
the E-T or S-T segment, slight prolongation of the P-E interval, and occasional 
ext rasystoles. 

In patients intolerant to the medication, the effects of overdosage appeared to 
be the production of frequent extrasystoles, marked prolongation of the P-E 
interval and the production of auricular fibrillation. 

Author, 

Master, A. M., Jaffe, H, L., and Back, S.: ITndernutrition in the Treatment of 
Coronary Artery Disease (Particularly Thrombosis). Effect on the Basal 
Metabolism and Circulation. J. Clin. Investigation 15: 353, 1936. 

The effect of a low calorie diet (800 calories) on basal metabolism was studied 
in twenty-eight patients with coronary thrombosis and in fourteen with angina 
liectoris, whose control basal metabolic rate was within normal limits. 

In thirty-one patients (74 per cent) the basal metabolic rate was lowered 15 to 
35 per cent; such a drop was considered .significant. In six patients, the basal 
metabolic rate fell 10 to 14 per cent, and in five, less than 10 per cent. The time 
required for the basal metabolism to drop was from two to four weeks. A similar 
period was required for its return to normal following the resumption of a regular 
diet. The body metabolism is determined for several weeks by the previous state of 
nutrition. Poliowing a period of undernutrition, a subsequent period produces a 
more rapid and profound drop in basal metabolism. The loss of weight necessary 
to attain a significant fall in basal metabolism averaged 6 per cent of the initial 
body weight. The following factors tended to prevent a significant fall in basal 
metabolism: insufficient loss of weight, cardiac failure, upper respiratory infection, 
and repeated attacks of angina pectoris. 

Ho ill effects resulted from the low metabolism induced by prolonged under- 
nutrition of from three to twelve months’ duration. I’lie blood cholesterol, sugar, and 
protein were unaffected. Graduated increases in diet to 1,200, 1,500, and 2,000 
calories often resulted in corresponding rises in basal metabolism. The drop in 
basal metabolism is not accompanied by such evidences of 1137)0 thyroid ism as 
myxedema, diminished blood velocity, and hypercholesterolemia. Vital capacity 
is not affected. 
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The lowered basal metabolism had a beneficial effect on the cardiovascular system, 
resulting in slowing of the pulse rate, decrease in blood pressure and pulse pressure 
and diminution of the cardiac output and work of the heart. A low caloric diet 
often relieves the .symptoms of heart disease. 

AuTiion. 

Levy, Robert L., and Bruenn, Howard G.: Acute, Ratal Coronary Insufficiency 

J. A. M. A. 106: 1080, 1936. 

There is a group of patients with atherosclerosis of the coronary arteries to 
whom death comes suddenly and in whose coronary vessels, at necropsy, no fresh 
thrombus is found. The sjaidromo may be designated “acute, fatal coronary in- 
sufficiency. ’ ’ 

The clinical and pathological features of twenty-four cases falling into this 
category have been studied. Records of 352 other cases of coronary sclerosis, with 
and without thrombosis, have been similarly studied and used as a background 
for comparison. 

In approximately 12 per cent of the fatal cases of coronary sclerosis without 
thrombosis, death occurred suddenly. If thrombosis had occurred, death was sudden 
in 33 per cent. The presence of thrombosis thus almost tripled the likelihood of 
sudden death. But thrombosis of a coronary artery was rarely if ever the immediate 
cause of death in these patients. It increased the liability to acute coronary in- 
sufficiency by further reducing the functional capacity of an already impaired 
coronary system. 

Nonfatal attacks of various sorts in patients unth coronary sclerosis may be 
regarded clinically as intermediate between the ordinary bout of anginal pain or 
its equivalent and a fatal seizure. It is probable that many of these attacks are 
due to minor degrees of acute coronary insufficiency without occlusion. 

Author. 

Willius, Rredrick A.: Life Expectancy in Coronary Thrombosis. J. A. AI. A. 

106; 1890, 1930. 

» 

In this study of 370 cases of coronary thrombosis, in 71.9 per cent the thrombosis 
occurred when the patients were between the ages of fifty and seventy years. No 
patients were less than thirty years of age; the incidence in the fourth decade of 
life was 1.6 per cent, while 17 per cent of the patients were in the fifth decade. 
There was a great j»rcdominance of males over females; the ratio was 7:1. 

Solitary coronary occlusion occurred in 80.3 per cent of the cases; two episodes 
occurred in 17 per cent, three attacks in 2.2 per cent, and four episodes in 0.5 per 
cent of the cases. 

Death directly attributable to the heart occurred in 51.6 per cent of the cases, 
wliile other di.'^ea.ses such ns pneumonia, cancer, and nephritis accounted for the 
death of 2.7 per cent of patients. The patients surviving at the conclusion of 
the study comprised 45.7 per cent of the group. 

Of the cardiac deaths 30.6 per cent were ascribable to coronary thrombosis; 
gradual cardiac failure accounted Tor 51,9 per cent, and sudden death of uncertain 
mechanism for 11.5 per cent. 

IMiile the incidence of feinale.s in this study was relatively .small (32,4 per cent) 
their cardiac death rate was considerably greater than among males: females 63 
per cent and mules 50 per cent. 

There was no correlation helwcen the duration of pain in coronary thrombosis 
and 'death or survival. 

The cawiiac death rate increased progre.--sively with recurrent coronary thrombosis. 
Among eases of solitary coronary occlusion the cardiac mortality was 47,5 per cent. 
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among cases in whicli there ^Yere two attacks 69.S per cent, and among those in 
which three attacks occurred 75 per cent. 

The patients living at conclusion of this study comprised 45.7 per cent of tlie 
group. Of the.so, 42.G per cent reported themselves to be in good health, 23.1 per 
cent were well while li^^ng a restricted life, 28.9 per cent had recurrent anginal at- 
tacks, 3.6 per cent had congestive heart failure, and 1.8 per cent had had cerebral 
vascular accidents. 

AttTHOR. 

Alvarez-Moulia, A.: Congenital Stenosis of Aortic Orifice. Arch. urug. de med., 
cir. y especialid. 7: 499, 1935. 

The autlior has had ojjxjortunities to study several cases of this congenital clironic 
disease in which most of the patients reached adulthood without their symptoms’ 
needing special treatment. After a study of this disease some clinical, radiological 
and electrocardiographic sjanptoms may be added to the clinical picture already 
knoviTi. 

Tlie great clinical similarity of all the cases is striking. Each one shows the 
great degree of hypotrophy or aortic dwarfishness; this causes an inferior bodily 
development which would seem to be the result of the lesion’s interfering with the 
blood supply of the great circulation. This interference constitutes an impediment 
for the development of organs during the growing period. The mental defective- 
ness, according to the author, is attributed to a pathogenic process resembling the 
former. There is, also, an liji)otropliy of vessels revealed by the osciDometric study 
of the patients, due to the same pathogenic process to which the dwarfism is at- 
tributed. 

The comparative examination of the electrical records obtained from the patients 
studied establishes fitting characteristics of the electrocardiograms. They will be: 
K. R, Rj form accompanied with “high tension or voltage” widening of the QES 
space, slight crochetage of the R-wave in Lead III and above all as the most im- 
portant element, an inversion of the ventricular deflection T in the three classic 
leads. These electrocardiographic signs liave special interest since electrocardiograms 
obtained in the valvular disea.ses are more variable and contradictory. 

The explanation of the stability of the different deflections, according to the 
author, is that the permanent intraventricular tension values have, on the whole, a 
great importance in the formation of the proper physiognomy of each electrical 
record. The continued action of the cardiac muscle from birth against the intra- 
ventricular tension causes an adaptation of its contracted state and tonicity. The 
ventricular preponderance, the muscular hypertrophy, and above all the special 
manner of the distribution of the final elements of the conduction apparatus will be 
in consequence to this. The latter elements of the “intraventricular conduction” 
will form the special type of electrocardiogram. 

Author. 

Sendroy, Julius, Jr., and Schultz, Mark P.: Studies of Ascorbic Acid and Rheu- 
matic Pever. I. Quantitative Index of Ascorbic Acid Utilization in Hmnan 
Beings and Its Application to the Study of Rheumatic Pever. J. Clin. In- 
vestigation 15; 369, 1936. 

The urinary excretion test for the adequae 3 ' of ascorbic acid nutrition has been 
improved and placed upon a quantitative basis by a chemical and clinical study 
of the various factors affecting the final results. Applied to a comparison of patients 
with rheumatic fever and control subjects, the results of this method do not support 
the concept that a condition of ascorbic acid defieienej’ is a predisposing factor 
in the causation of this disease. 
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Through digcHiivo disturlnini.-es, patients witli rlieinuutic fever cvidentl}- may 
develo]) a real hypoviianhiKisis on an ordinarily adequate diet. One would expect 
in .'<u(di paticnt.« that the tissues might, be depleted not only of ascorbic acid but of 
other vitamiii.s and es.senlial food constituents of which there may not be large 
re.^erves in the body. However, even if we. assume, contrary to the evidence of our 
oxi>oriments, that it is siinj)iy ascorbic acid dcficienc}' that is a.s.sociatcd with every 
ease of rheuinatic fever, it seems mueh more reasonable to regard the train of events, 
including digc-stivc disturbances, leading to such depletion of the tissues, as caused by 
an infectious process, rather than to think of the ascorbic acid deficiency as initiating 
tlie infection. It seems certain that the factor of infection is present in all cases of 
rlieumatic fever, whereas the signs of aseorbie acid subnutrition, if present, are 
probably incidental. Furthermore, it should be noted again tliat such signs of 
detieiency as have been found are only relative and not absolute. It has already been 
pointed out that the average results set up too high a standard of normality so 
that degrees of ascorbic acid deficiency, relative to the control patients previously 
on diets of about 100 rag. ascorbic acid daily, would be exaggerated in the direction 
of ratings too low for ascorbic acid nutrition. "When all of these factors are taken 
into con.«idcration, it is dilfieult to accept suhelinical scurvy as an etiological agent 
in rheumatic fever. 

AuTiion. 

Schultz, Mark P.: Studies of Ascorbic Acid and Eheumatic Fever, H. Test of 
Prophylactic and Therapeutic Action of Ascorbic Acid. .1. Clin. Investiga- 
tion 15; :185, 1980. 

Two comparable groups of rheumatic children, one of them receiving daily doses 
of ascorbic acid, were ob.served at intervals during late winter and early spring. As 
indicated by tests of capillary permeability, tbe development of subclinical scurvy 
was prevented in the treated group, but tbe incidence of active rbenmatic fever was 
not favorably aH'ceted by this medication. 

T)ie clinical manifestations of acute rheumatic fever were not demonstrably 
afTccted by the oral or intravenous administration of ascorbic acid over periods 
of several months. Large doses of orange juice were also inetfectivc. 

These data are additional evidence that ascorbic acid deficiency is not a necessary 
fav.fnr in the ctiologj- of rheumatic fever. 

Au'ritou. 

Pickering, G. W.: The Effect of Introducing Blood From Patients With Essential 
Hypertension Into Other Human Subjects. Clin. Science 2: 185, lO.IG. 

Tlie changes in arterial blood pressure produced in anemic .subjects by Ir'ans- 
fu sion of blood from jiaticnts with essentinl hypertension arc very small and arc no 
greater than those produced by transfusion of an equal volume of normal blood. 
Thi.s result is opj)osed to the idea tliat the raised blood pres.suTC in o.ssential hyper- 
tension is due to excess of pressor or deficit in a dcpres.sor .substance in tlio circulat- 
ing blood. 

E. A. 


Pickering, G. W., Kisstn, M., and Rothschild, P.: The Relationship of the Carotid 
Sinus Mechanism to PersLstent High Blood Pres.sure in Man. Clin. Science 2; 
39:i, IKlfi. 

The idea that certain forms of human hyporten.sion might he due to an interfer- 
ence with the carotid sinus and depre.-j.^or rotlexos arose from tlie demonstration that 
higli blood pres.sure could be produced in the experimental animal l)y denervating 
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the carotid sinus and arcli of the aorta. A comparison of the chief features ex- 
hibited by patients sutfering from the common forms of persistent hypertension 
until those exhibited by the animal with this form of exiierimental h.>’pertension is 
instructive, for it reveals differences that are so striking as to leave no doubt as to 
the essentially different origin of human and experimental hypertension. Thus 
tachycardia is invariable in the experimental hypertension and exceptional in human 
hj-pertension; compression of the carotid artery below the sinus gives no response In 
the animal and a definite response in man: sensory stimuli produce a fall of blood 
pressure in the animal and a rise in man; in sleep the blood pressure falls to normal 
in the animal and remains elevated in man; and last, characteristic histological 
changes in the arterioles are absent in the experimental and usually present in the 
human form. It is not to be denied that there may be examples of hj^iertension in 
man which are similar in origin to the experimental form. Such cases must be un- 
common and the authors are not satisfied that the emdence for their existence is 
adequate. 

The function of the carotid sinus mechanism was tested in four groups of human 
subjects: (1) young adults with normal blood pressure, (2) elderly subjects with 
normal blood pressure, (3) patients with chronic nephritis and hypertension, (4) 
patients with essential hj'pertension. The differences in the response to carotid sinus 
compression shown by the various groups seemed to be entirely accounted for by 
differences in the initial levels of blood pressure and by differences in the degree 
of sclerosis of the large arteries. Digital obliteration of one carotid artery below the 
sinus produced, in all subjects with normal and high blood pressure, rises of blood 
pressure and pulse rate that were greater than those produced by control pressures on 
the neck and femoral artery. 

E. Av 


Pickering, G. W., and Kissin, M.: The Effects of Adrenaline and of Cold on the 

Blood Pressure in Human Hypertension. Clin. Science 2: 201, 1936. 

Ho evidence was found that patients with chronic nephritic hjqiertension are 
abnormally sensitive to adrenalin. Evidence was presented against the view that 
essential and nephritic hypertension are due to hyperadrenalinemia. The sugges- 
tion that a relativelj' large rise of blood pressure in re.sponse to a cold stimulus 
is peculiar to potential or developed cases of essential hjqpertension is uncon- 
firmed; however the series is too small to exclude the possibility that the rise of 
blood pressure is, in general, greater in subjects with hj’pertension than in those 
of similar age with normal blood pressures. 

E. A. 

Veal, J, Koss: Vascular Changes in Intermittent Claudication. With a Note on 

the Value of Arteriography in This Symptom Complex. Am. J. M. Sc. 192: 

113, 1936. 

The theories of the origin of pain in intermittent claudication are briefly re- 
viewed. 

An arteriographic study of 15 carefully selected cases of intermittent claudication 
is reported. 

Attention is called to the fact that in 3 eases of undetermined etiolog>' the 
radiograiduc evidence shows an entirely different type of le.sion from that noted in 
the other twelve eases, in which the etiologj* was arteriosclerotic. 

Arteriogi-aphic evidence is adduced to support the contention that the pain in 
intermittent claudication is not due to arterial spasm. 
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Hickman, J., Livingstone, H., and Davies, M. E,: Surgical and Anesthetic Bisk in 

Cardiac Disease. Arch. Surg. 31: 017, 1935. 

Since there verc only six deaths due to cardiac disease and two deaths (luo 
to pulmonary disease related to the surgical intervention and anesthesia in 336 
patients who underwent 345 operations, the resulting mortality of 2 per cent 
indicates that as a group patients with cardiac disease are fairly good surgical 
risks. 

Angina pectoris, coronary occlusion, decompensation, hypertension and thyro- 
toxic heart disease are, in the order named, the most serious diseases with which 
one has to deal. 

Contrary to the belief of several authors, inhalation anesthesia, particularly 
ethylene-oxygen anesthesia, is safe when a high percentage of oxygen is used and 
asphyxia or .struggling is avoided. Ethylene-oxygen and local ane.sthesia have 
given the most satisfactory results in this aeries of cases. The use of spinal, ether 
or nitrous oxide-oxygen anesthesia has increased the incidence of postoperative 
complications and death. 

Author. 

Shipley, Arthur M., and Winslow, Nathan: Purulent Pericarditis. Arch. Surg. 

31: 375, 1033. 

Purulent pericarditis is an abscess and, like a collection of pus anywhere else, 
should be treated by incision and adequate drainage. Too much cannot be said 
in favor of early operation, but it .should be remembered tliat late operation does 
not rob the patient of the hope of cure. Operative treatment should yield a cure 
in SO per cent of the cases. 

The best approach is the costoxiphoid route with resection of the left seventh, 
sixth, and fifth costal cartilages together with a portion of the sternum, when more 
room i.s heeded. Therapeutic aspiration may be nsed, on occasion, with profit, 
but it has no curative value. 

There are three chief factors that govern prognosis: (1) the time of the op- 
eration; (2) the typo of the organism; and (3) the original condition of which 
the pyoperieardium is a complication. Purulent foci elsewhere, unless detected 
early and promptly remedied, render the prognosis less favorable. 

In the pa.«t seven year.s there has been no appreciable improvement in the op- 
erative mortality rate, Pyoperieardium is a disease of youth. Eighty-three per 
cent of the patients are under thirty years of age. Seventy per cent of the pa- 
tiont.s have been inale.'-', and 30 i)er cent have been females. Troublesome post- 
operative adliesive pericarditis does not occur as often as it is generally supposed. 

Author. 

Winslow, Nathan, and Walker, W. Wallace; End-to-End Vascular Anastomosis: 

An Experimental Study. Ann. Surg. 103: 050, 1030. 

.After exposing the vessel, the circulation is arrested by bulldog clamps. The 
adventitia is grasped between a finger and thumb, drawn tight and cut off at a 
level with the rest of tiie ve.sw*!. Blood is gently stripped out of the lumen 
of the vessel, which is kept moi.st by washing with normal saline solution. The 
Willi of tlie divided ve.sscl is grasped near its open end with a fine smooth-mouthed 
pick-up forceps and four sutures of fine silk inserted through the margin of the 
divided veh.«pl at equidistant points. The.sc .sutures are tied to the edge of the 
ve.ssel with a single knot, :tnd their free ends fiassed tlirough the ring of bone. 
The ring is slipped over the vc.s.sel and a sufiicient length of the vc,«scl allowed to 
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protrude to cover the bone. The bone is held firmly in place by a barbed holder 
slipped between it and the end of the vessel to be cuffed. The redundant end of 
the stump is then rolled back over the bone by gentle traction upon the guy or 
stay sutures. The end of the distal stump is now slid over the segment of vessel 
which houses the ring of bone and, together with the cuff, is held securely in 
place on the bone by a temporary encircling ligature. At this stage of operation, 
the circulation is reestablished by removing the bulldog clamps. The holder is 
also removed. A ligature of fine silk is then introduced through each of the four 
holes in the ring and jiassed through the two ends of the divided vessel. These 
ligatures are anchored to the free margin of the ring of bone, after which the 
encircling ligature is removed and the gU 3 ' sutures cut awaj*. 

Bj' this technic the authors have had vessels with open lumina nearlj' a ^mar 
after being anastomosed. 

E. A. 

Bower, J. O., and Mengle, H. A. K.: The Additive Effect of Calcium and Dig- 
italis: A Warning, With a Report of Two Deaths. J. A. M. A. 106; 1151, 
1936. 

Two deaths occurred following the intramuscular administration of digitalis 
and the intravenous injection of calcium gluconate chloride. 

The manufacturers of calcium gluconate or chloride should preface their liter- 
ature with a warning relative to the additive effect of calcium and digitalis when 
given simultaneous!}". 

Author. 

Wilson, H,, and Roome, N. W.: Passive Vascular Exercise; Observations on Its 
Value in the Treatment of Peripheral Vascular Disease, J , A. M. A. 106: 1885, 
1936. 

As a result of treating twentj'-three individuals with varying amounts of 
passive vascular exercise in the pavaex apparatus, the authors found little im- 
provement definitely attributable to the specific therap.y. 

Tivelve arteriosclerosis patients were given from 17 to 111 hours; five wmre 
slightlj- benefited; the rest showed no change. Onl,v tivo of the eight patients 
wdth thromboangiitis obliterans were delinitel}" benefited. One of three patients 
■with major embolisms recovered, the authors being doubtful that the pavaex 
treatments affected the outcome one way or the other. 


L. H. H. 



Book Review 


Le Tonus CAnDio-VASCUbAinE et i/£pnEUVE Amphotrope Sino-Carotidienxe. By 

D. Daniclopolu, Paris, 19?.5, Jlasson et Cie., 200 pp. and 78 figures. 

Since the mcciianisni of the carotid sinus reflex was W'orked out by Hering in 
1927 and further elaborated by Hcyinans and his associates (1929), the literature has 
abounded in contributions to tlie mechanism of the worlcing of the carotid sinus. To 
the literature of this subject Danielopolu and his associates have made many recent 
contributions. The volume which Danielopolu has now written brings together the 
views of this group of investigators about the functions of the carotid sinus. These 
views are at times at variance with those of other contributors to this subject, but it 
appears most frequently to bo a question of interpretation, for the experimental 
observations arc recorded and their deductions made; the data which have been re- 
ported by others arc reinterpreted to bring them into line with their own notion 
of the “ amphotropic ” nature of the carotid sinus. The reader, however, is free to 
draw his own conclusions. 

The book is very well planned. The historical section is well done. Then follows 
a discussion of the “mechanism of the cardio-vascular tone," then a description of 
technic.'! the author and his associates used (electrocardiograms and blood pres.sure 
measurement .s) followed in turn by an exposition of the amphotropic nature of the 
carotid sinus in the normal subjects and then, in turn, by its application to patho- 
logical situations, closing with a summary. It is surprising that no mention is made 
of Bronk’s contributions to the physiology of the carotid sinus. 

Xaturally the clinician turns with interest to the section dealing with pathological 
.situations. I think it is here that one finds the greatest difficulty in agreeing with 
the author, for he has found it too easy to explain phenomena of disease by’ calling 
into play the carotid sinus mechanism: changes interpreted as associated with 
vahnilar lesions, with myocardial disease, with emphysema, with angina pectoris; the 
meeiumism of arterial hypertension (es.sential), of paroxysmal hypertensionr, of the 
cardiac irregularitie.'!, of pulsus alternans, all are brought into line with the working 
of the carotid sinus. 

Tho.‘!e interested in cardiac }diysio!ogy' and disease will find this monograph sug- 
ge.stive and stimulating. 


H. J. S. 
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THOKOTEAST AETEEIOGEAPHY OP THE EXTREMITIES 
WITH REPORT OP ILLUSTRATIVE AND UNUSUAL CASES'" 

Wallace M. Yater, M.D; 

Washes; GTON, D.C. 

W ITH the Tise of stabilized thorram dioxide sol, arteriography has 
become a practical and apparently harmless diagnostic procedure 
and a valuable method for studying the circulation in the extremities. 
Altliough arteriography has been practiced in a small way for many 
years, it has been less than ten years since it began to gain popularity. 
Thorotrast has been employed by those who have had the greatest ex- 
perience until this procedure. Abroad, those who have practiced the 
method in the extremities most extensively are dos Santos and his -co- 
workers,^’ = Heuser® and Prieh and his associates, including Leriche.^’ ® 
In this country the main workers in this field are Allen and Camp,® 
Veal and McPetridge,^ Horton,® and Barker.® Besides being used for 
demonstrating roentgenographically the arteries of the extremities, 
thorotrast is used similarly by some for making arteriograms of the 
cerebral vessels and of the abdominal aoi’ta. Edwards^^ and AlleiY® have 
reviewed the earlier work concerning arteriography. The veins are 
also well demonstrated by direct injection cephalad into the venous 
channels. 

Thorotrast,! a stabilized 25 per cent (by volume) colloidal solution 
of thorium dioxide, was first used in man in 1929 by Paul Radt,^® 
fonnerly of Berlin, for demonstrating radiologically the liver and spleen. 
Thorium dioxide, being radiopaque and of high molecular weight, is 
rapidly removed from the blood stream and engulfed by the reticulo- 
endothelial cells of the body, and, where these are most concentrated, 
casts a shadow on the x-ray plate. As much as 75 c.c. is used for 
hepatosplenography. Because of a small degree of radioactivity, veiw 

•Prom the Georgetown University School of Medicine and the Gallinger Municipal 
Hospital. 

Read before tiie American Heart Association, Section for the Study of Peripheral 
Circulation, at Kansas City, Mo., May 12, 1936. 

tl^Ianufactured by tlie Heyden Cliemical Corporation of New York. 

383 



384 


THE AMERICAX HEART JOURNAL 


slow elimination and possible latent increase in the degree of radio- 
activity, tlie Conneil on Pharmacy and Chemistry of the American 
Medical Association has not accepted thorotrast as an approved chem- 
ical for rise in man. Unfortunately, Kadt, who has had the longest 
experience witli it, ha.s left Berlin and has lost access to liis records 
and the follow-up of his patients. However, Eigler and his coworkers,^^ 
in employing thoratrast for hepatosplcnography in 175 patients over a 
period of three and a half years, did not observe immediate or remote 
ill effects. Yater, Otell, and Hussey, using this preparation in total 
doses of 75 c.c. for the same pxirpose in more than 200 patients over a 
jmriod of nearly five years, have likewise not observed harmful effects. 

The amount of thorotrast used for arteriography is much less than 
that used for hepatosj)lenography, unless several examinations are made, 
and any possible danger is therefore considerably lessened. For the 
upper extremity 5 to 12 c.c. (avei’age 8 c.c.) are usually sufficient to 
produce good films. For the lower extremity 10 to 12 c.c. are commonly 
employed. Those who liave practiced arteriography most have not noted 
ill effects. It is fair to mention, however, that several French authors 
have reported in.iuiy attributed to the procedure. 

Because thorotrast when injected into the blood stream rapidly leaves 
the vascular system, films must be taken almost immediately to demon- 
strate tlie arterial tree, whereas for hepatosplcnography the films may 
be made any time after several hours following the last injection. 

TECHNIC OF ARTERIOGRAPHY OF THE EXTREMITIES 

A routine technic has been u.sod in our in.stitution which for practical purposes 
gives satisfaction. Two lilni.'s are usually .sufficient for the upper extremity, two or 
three ffim.s for the lower extremity. In the upper extremity the injection is made 
through the skin into the brachial artery in the antecubital space just medial to 
the lacortus fibrosus, the needle pointing toward the axilla. In the lower extremity 
the injection i.s made through the skin info the common femoral artery 2 to 3 
inches below the inguinal ligament, with the needle i)ojnting toward the pelvis. 
The first two finger.s of the left hand palpate the artery proximal to the point of 
injection and hold it in position. The needle, with the bevel up, is slowly 
inserted into the lumen of the artery for 1 to 2 cm. as nearly parallel with the 
artery' as po.=.siblc. When tlie needle i.s within the lumen of the artery, bright red 
blood spurts into the syringe with each heal of the heart, forcing the piston steadily 
outward. When tlii.s happens, the vessels well above the needle arc occluded, and the 
thorotrast is injected with moderate rapidity but not bastily'. If the injection 
require.^ more than moderate pre.ssure or i.s attended with jiain the needle i.s either 
plugged by a clot or a piece of tissue, or i.« not in proper position but is cither in 
the wall of the artery or in the .surrounding tissues. The occlusion of the needle 
.should then be removed and the needle rein.=erted. After some expericnc.c the 
procedure is fairly' simple. However, if there is much difficulty' encountered in 
puncturing the artery' because of deep position of the ves.sel, excessive fat, sub- 
cutancous hemorrhage or edema, or spasm of the artery', it is perhaps wiser to 
desist or at least to postpone the attempt. An IS gauge, 2 inch long, preferably 
new needle is most useful for the injection. Arteriograpliy, of course, must be 
performed aseptically. 
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To prevent spasm of the punctured artery and to relieve the patient’s appre- 
hension, I regularly inject intravenously 1 ampule of spasmalgin* about fifteen 
minutes before the procedure. 

The patient lies supine on the x-ray table, and the x-ray plate is placed under 
the extremity to be studied. Films measuring 14 by 17 inches are used except 
for the foot alone. Two exposures are made on each film, one-half of the film being 
covered by a lead shield while the other half covered by the limb is being exposed. 
After the region of the extremity to be used for injection is prepared and draped with 
sterile towels, the skin and tissues around the artery are anesthetized with a local 
. anesthetic, such as 1 per cent novocaine. When the arm is to be filmed, a sphygmo- 
manometer cuff previously applied is pumped up above the systolic pressure after 
the artery has been punctured. Approximately 8 c.c. of thorotrast (w'hich is 
marketed in ampules of 12 c.c. and 25 e.c.) is then injected, the thorotrast being 
at room temperature and undiluted. As soon as the injection is completed, the 
needle is withdrami, and pressure with an alcohol sponge made at the point of in- - 
, jection to prevent leakage of blood from the artery. The forearm and hand, palm 
upward and digits slightly separated, are rapidly posed on the plate. The first 
exposure is then made. The arm and hand are next shifted to the otlier half of 
' the film and posed, and the lead shield is placed on the exposed half. The sphygmo- 
manometer cuff is then rapidly deflated and four beats allowed to pass into the 
forearm, when the second exposure is made. These two films usually show the 
arteries of the forearm well filled. In the first film usually the palmar arch is also 
shown, and in the second film some of the digital arteries are frequently demonstrable. 
In the latter film some of the veins are also often filled. 

I^flien the lower extremity is to be filmed, half of the plate is placed so that the 
lower two-thirds of the tliigh and the upper fourth of the leg in the anteroposterior 
position is on half of the film. After the injection of approximately 12 c.c. of 
thorotrast has been made into the femoral artery, an assistant gently occludes 
the artery against the pubic bone with his fingers. The first exposure is then 
made. With the artery still occluded, the plate is shifted downward so that the 
rest of the extremity, either in the anteroposterior position or slightly flexed in the 
lateral position, is on the unexposed portion of the film. The fingers of the assistant 
are removed from the artery for five heartbeats and reapplied, the second exposure 
then being made. If a tliird film showing the foot placed sole downward is de- 
sired, the leg is flexed at the hip and knee and the foot is posed on a smaller 
plate. The assistant then removes his fingers, and the exposure is made. The 
first film shows the large arteries of the thigh and the brandling of the popliteal 
artery. The second film shows the main arteries of the leg and foot. The third film 
often shows the main arteries of the foot but rarely much of the digital branches. 

The following x-ray technic is emploj^ed: Tube distance 30 inches, 0.5 mm. 
aluminum filter, high speed screens, 100 milliamperes, %o second, voltage varied 
according to thickness of the part (3 cm., 40 K.V.P.-, 4 cm., 47 K.V.P.-, 5 cm., 

49 K.V.P.; 6 cm., 52 K.V.P.; 7 cm., 55 Iv.V.P.j 8 cm., 57 K.V.P.; 9 cm., 59 
K.V.P.; 10 cm., 62 K.V.P.; 11 cm., 05 K.Y.P.; 12 cm., 08 K.V.P.; 13 cm., 71 
K.V.P.; 14 cm., 74 K.V.P.; 15 cm., 76 K.V.P.). 

This technic, after some experience, usually gives all of the information desired. 

It can be used in any hospital without special equipment. A more ideal method is 
that of Caldasis with his radio carousel, a costly apparatus which permits six ex- 
posures of the same part to be made at intervals of one second after the injection 
of the contrast medium. This method, while ideal in many respects, is not 
absolutely necessary, but it gives more exact information as to the rate of circulation 
in the extremity, and it obviates the necessity of timing. 

♦Spasmalgin, prepared hy Hoffmann-LaRoche, Inc., contains in eacli ampule of 
1 c.c,, papaverine hydrochloride 0.02 gm. (Is grain), pantopon 0.01 gm. (% grain), 
and atrinal (atropine sulphuric acid ester) 0.001 gm. (Veo grain). 
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CAUTIONS IN INTERPRETATION 

Great caution must be observed in interpreting films in 'svliich there 
is incomplete filling of the vessels. If there is doubt as regards the 
possibility of obstruction, the arteriograms should be made again and 
a little more time given for the contrast medium to fill the arteries in 
question. Normally it takes “from six to nine seconds for the column 
of thorotrast, after it enters the blood stream, to pass from the femoral 
triangle doini to the vessels of the foot, the return flow, naturally, being 
slower” (A^eal and MeFetridge). Vascular disease, of course, causes 
variations in the rate of progression of the column, as does also any 
increase or decrease in the rate of the systemic circulation. 

Filling of the digital A'cssels of the hand and even more so of the 
foot is the most uncertain feature of the procedure. Even in normal 
limbs when several of the digital arteries are filled, the others may not 
be. Fortunatety, most of the data usually desired concern the larger 
vessels of the extremity. 

REACTIONS 

Systemic reactions of any consequence due to the injection of thoro- 
trast arc rarely encountered. However, if some of the medium is in- 
jected into the tissues about the artery there is usually severe local 
pain with some local swelling and heat.' In hypersensitive individuals 
the pain may be felt in the whole extremity. Hot moist compresses and 
analgesic drugs give considerable relief, and the effects subside in from 
two to four days. Even if the thorotrast is injected into the wall of 
the artery, no serious damage is done. 

THE NORMAL ARTERIOGRAM AND THE COLLATERAL CIRCULATION 

A knowledge of the normal arteriogram is essential in interpreting 
abnormal states. This may be obtained by dissection of cadavers and 
amputated extremities, by the study of arteriograms of normal extremi- 
ties, and by the study of arteriogi-ams of the injected cadaver or of 
amputated limbs. Although there are many variations of the normal 
vascular tree of the extremities, the main arteries usually confoim to 
a standard pattern. 

Radiogram.s of normal limbs of cadavers injected with a radiopaque 
substance show a voluminous vascular tree; whereas, arteriogi'ams of 
living subjects with normal extremities show relatively few vessels, 
mainly the larger ones and comparatively few of their cutaneous, mus- 
cular, osseous and anastomotic branches, e.speeially in the lower ex- 
tremity. The former is explained by the fact that there is no circula- 
tion in dead limbs and all vessels washed out and refilled with the con- 
trast medium are demonstrated. In the resting extremity of the normal 
living subject, however, only those ve.sscls contain the thorotrast which 



TATEB; THOROTEAST ARTERIOGRAPHY OP EXTREMITIES 387 

are just suffieieiit to iiourisli the tissues in a state of relative inactivity. 
Furthermore, owing to the circulation of blood and a lag in the diffusion 
of the thorotrast, only a certain number of vessels are made visible at 



Fig. 1. — Normal arteriogram of forearm and hand. 

any one instant. If arteriograms could be made while the subject were 
running, undoubtedly a great many more vessels would be seen to 
contain the contrast medium since the muscular branches would be 
functioning more effectively and the diffusion would be more rapid. 
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The normal arteriogram shows the arteries to be smooth -walled, rela- 
tively direct in their course, and very gradually tapering do-wn to tlie 
smallest branches (Fig. 1). AYhen visible, the veins are seen to be of 
greater lumen, not so opaque, and much more wavy, tortuous and inter- 
lacing. Tlie sile.s of the valves in the larger veins arc often diseeniible, 
due mainly to localized bulging just above them. 

When there is obstruction of an artery from any cause, the so-called 
collateral circulation becomes ai)parent. The head of pre.ssure being the 
same as before the obstruction took place, more blood is forced down 
the branches arising from the occluded vessel proximal to the point of 
occlusion. The number of collateral vessels made visible depends upon 
ihe degree of involvement of the branches of the obstructed artery or 
arteries, the rapidity of the occlusion, and the state of the general cir- 
culation. Allcn^° and others arc probably correct in assuming that most, 
if not all, of the so-called collateral vessels are vessels which previously 
existed, since a comparison with the radiograms of the injected normal 
limbs of cadavers shows in general the same vessels, since the collateral 
vessels arc demonstrable relatively soon after the occlusion occurs, and 
since the main collateral vessels are relatively large and lengthy. How- 
ever, it is (luile possible that new anastomoses may develop in time since 
vc.ssels arc seen in cases of gradual occlusion passing from the artery 
above the area of occlusion or from another vessel to join the occluded 
vessel below the area of occlusion and thus bridging the gap (Fig. 2). 
i\Iost of the collateral vc.ssels are either noi’mal anastomotic branches or 
muscular branches. Tn time they become larger in diameter of lumen, 
stretched and elongated, and often tortuoiis and resembling a corkscrew. 
Wany of their smaller branches may arise more or less at a right angle, 
^lany more small and ajiimrently interlacing vessels are also demon- 
strable in the arteriograms after occlusion of an artery. 

Tlie fact that the normal arteriogram .shows relatively few vessels 
and mainly tlie larger and more direct ones jirobably explains why it 
is usually the larger arterie.s that are most affected by degeneration. 
The.se are the vc.ssels bearing the brunt of the circulatory load, and the 
factor of strain is important in the localization of degenerative ])roeesses. 
The smaller, le.ss con.stantly used vo.sscls arc frequently le.ss severely 
aflected and are able therefore in many cases to come to the aid of the 
damaged limb and to take over part or all of the function of the affected 
ve.s,sel, 

.VUTRRIOSri.EROTIC nAXOREXE .\XD SEI.ECTIOX OR THE SITE OF AMPUTATIOX 

Although arteriography is of interest and probably of value in study- 
ing the ]Kitliologie-])liysiologic di.sturbanccs of the circulation iii the ex- 
tremities, undoubtedly its greatest practical value lies in its use for 
heljiing to determine the best site for amputation of the lower extremity 
in ca.scs of arteriosclerotic gangrene. Veal and McFetridgc" have 
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stressed the value of arteriography for this purpose. However, it by 
uo means dispenses with the other forms of clinical examination. 

Arteriosclerosis is manifested by irregularity in the wall of the artery 
and narrowing or obliteration of the lumen at intervals. The larger 



Fig-. 2. — Arteriosclerosis obliterans. Anterior tibial ai'tery interrupted in lower 
half, posterior tibial in upper half. Small collateral arteries bridging across the 
saps. Collateral arteries numerous in the calf. 


arteries are often wavy instead of straight. Small branches may end 
abruptly. This process affects mainly the larger arteries but often also 
the medium-.sized and even the small ones. In uncomplicated arterio- 
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sclerosis the miinber of smaller arteries, or collaterals, is often mod- 
erately or greatly increased, depending upon the degree of involvement 
of the larger arteries and tlie relatively mild or moderate involvement 
of the muscular and other brandies. In other ivords, the greater the 
involvement of the large arteries and the less the involvement of the 
smaller arteries, the more extensive the collateral circulation -will be. 

Although gangrene maj’' be due to simple diminution in caliber of 
the lumen, it is more often due to thrombosis of one of the larger 



I'ifT. 3. Arteriosclero.sis obliterans. Occlusion of posterior tibial artery. Gangrene 

ot foot. 

degenerated arteries. When the gangrene is due to simple occlusion 
of the lumen by the arterial degeneration, usually only a toe or two is 
affected, whereas, when there is more extensive gangrene, thrombosis 
and occasionally embolism may be assumed to exist. The thrombus 
usually extends well above the upper limit of gangrene. 

lor instance, a diuhetic patient aged .••cveiity-two years developed gangrene of 
tlie toes of tlie left foot. Tlio arteriogram (Fig. .I) .showed complete occlusion of 
the posterior tibial artery about 5 cm. below its origin, as well as severe arterio- 
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sclerosis of tlie oilier arteries. Amputation was performed in tlie middle of the 
thigh, but even then there was some sloughing of the stump, requiring a secondary 
operation. 



Pig-. 4.— Thromboarteriosclerosis obliterans. Complete occlusion of popliteal artery 
by a thrombus. Large, dry ulcer on heel. Pi’actically no arteries visible below 
calf. 


Anotlier diabetic, aged fifty-seven years, developed an indolent shallow ulcer 
oh the heel of the right foot with edema of both legs. Although thermographic 
and oscillometric studies revealed that the occlusion was above the knee, the arterio- 
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gram (Fig. 4) .diowcd definitely tliat there was complete occlusion in the upper por- 
tion of the popliteal artery with relatively little collateral circulation even after 
two month.s. Amputation was performed in the lower third of the thigh. Dissection 
and study of the vessels showed an old thrombus beginning 3.5 cm. below the site 
of amputation, extending for lO.o cm. and ending 2.5 cm. above the origin of the 
anterior tibial artery. All of the larger arteries were markedly arteriosclerotic 
and calcified. There were other thrombi and sites of simple occlusion in the main 
branches of the popliteal artery. Most of the veins were also thrombosed. Healing 
was uneventful. 

In still another patient, a negress, aged forty-five years, with advanced car- 
cinoma of the uterus, a severe pain had suddenly developed in the calf of the right 
leg two weeks before admission to the hospital. The pain continued, and the 



Fig. 5. — Embolic occlusion of popliteal artci-y- Gangrene of foot and lower tliM of 
leg-. Verj- few collateral arteries visible below Rnee. 

leg began to swell. The foot became cold and insensitive. The whole foot 
and lower third of the leg were found to be cold, smooth and dry, and the toes 
were becoming .shriveled. Pulsations in the dor.«alis pedis and posterior tibial 
arteries could not. bo felt, but it was thought that pulsation could be obtained 
in the popliteal artery. However, an arteriogram showed abrupt occlusion of the 
popliteal artery (Fig. 5) just above the knee joint, and relatively little collateral 
circulation below the knee. Amputation was performed at the knee joint. Dissec- 
tion and study of the vessels of the amputated limb showed a gray thrombu.s, ap- 
parently an embolus, in the popliteal artery beginning 8 cm. below the site of 
amputation and extending far down into the two tibial and the peroneal arteries. 
There ivas moderately severe atherosclerosis. The veins were distended and filled 
with relatively fresh thrombi. Healing was complicated by secondary infection of 
the stump. 
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THROMBOANGHTIS OBLITERANS (BUERGER ’S DISEASE) 

Arteriography in cases of thromboangiitis obliterans, while of ques- 
tionable practical value, is nevertlieless of great importance in the study 
of the pathogenesis of the disease. It shows definitely that the disease 



Pig. 6. — ^Thromboangiitis obliterans. Main vessels almost entirely occluded. Long 
■wavy collateral arteries nourishing leg. Lesions healed. ’ 

frequently involves all four extremities. It shows also that it is a 
polyphasic disease, i.e., various stages of the disease may be present 
in various arteries and branches in the same limb. The collateral cir- 
culation is the most extensive of all vascular diseases, but even the 
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collaterals may become involved. Bi'ief accounts of a few eases will 
seiwe to illustrate some of the main characteristics of the disease. 

In the case of an Irisliman, aged thirty-two years, who had had manifestations 
of Buerger’s disease of the legs for only a year, gangrene of the left foot pro- 





J'V’’ ’••“Timoinboangiitis obliterans. Ratlial and ulnar arterlc.s practically com- 
pletely occluded. Small collateral arteries and extension of Intero.ssoou.s supply hand. 
J-o trophic cUanRC-s In hand. 

gre.^sed rapidly during a severe attack of pharyngeal diphtheria, wliile the pre- 
gangrenou.s condition of the rigid foot improved. Amputation was performed 
above the left knee, followed by fairly rapid healing of the stump. Although the 
right foot at the time showed very little trophic change, arteriograms revealed that 
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all of the large vessels below llie knee were practically completely occluded and 
that the circulation was maintained by long wavy collateral arteries (Fig. 6). There 
was clinical evidence that the ulnar arteries might be involved, altliough the circula- 
tion in the hands appeared to be normal. Arteriograms of the left forearm and hand 
showed that the lower end of the ulnar artery from just above the wrist joint was 
obliterated, but a small collateral branch continued down from the upper end of the 
occluded portion and joined the palmar arch. The interosseous artery also sent 
branches down into the palm. The other arteries appeared to be normal. This 
patient later died of a cerebral abscess complicating a pulmonary abscess, and 
dissection and study of the vessels of the leg showed extensive involvement of all 
of the main arteries and some of the veins, including the femoral. 



Pig-, 8. — Thromboangiitis obliterans. Extensive and extreme involvement of radial 
ulnar, and interosseous arteries. Many fine coliaterals supply blood to forearm and 
hand. Tip of second Anger had been lost and bed of thumb nail was'dnfected. 

Another Gentile, aged forty-seven years, who had had his right leg amputated above 
the knee eleven years before and who lately had been ha-ving severe pain in the 
left foot with evidence of impending gangrene, had absence of pulsation in the 
radial and ulnar arteries of both hands, although the circulation was quite adequate. 
Pulsations could be felt in both interosseous arteries. Arteriograms of the right 
forearm and hand showed both the radial and nlnar arteries to he completely oc- 
cluded in their entire extent (Pig. 7). Long, twisting • collateral arteries passed 
do^vn into the hand and together with prolongation of branches of the interosseous 
artery maintained a good blood supply to the hand and fingers. 
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A Jew, aged thirty-eiglit years, had had a tj-pical history of thromboangiitis 
obliterans for six years. Some toes had been lost by spontaneous and surgical ampu- 
tation, and the distal phalanx of the right index finger had also amputated itself. 



Fip. 9. — Thrombo.anfjilti.s obliterans. Same case a.s Fisr. S. PoplUc.al and tiblal 
arteries occluded. Main blood supply to lejj and foot by way of sural branches. 
G.'innrene of toes. 


While he was in the hospital recently because of .severe gangrene of both feet, 
precipitated by frost-bite, arteriograms were made of the arms and legs. The 
vessels of the left arm and hand were essentially normal, but the radial, ulnar, 
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and even the interosseous arteries of the riglit were almost completely occluded, and 
the circulation was maintained by a great number of thin, interlacing collaterals 
(Fig. 8), This is the first case I have seen with severe involvement of the inter- 
osseous artery from any cause. The arteriograms of the lower limbs presented 
essentially the same appearance. The popliteal artery and its main branches were 
completely occluded from just below the knee joint. Practically all of the blood 
supply to the leg and foot was obtained by extensions and ramifications of the 
sural arteries, the two large inferior muscular branches of the popliteal artery 
wliich are normally distributed to the gastrocnemius, soleus and plantaris muscles 
(Fig. 9). 

An arteriogram of the arm and hand of a Gentile aged thirtj'-ei ght years, who 
eight years before had had lumbar sympathetic ganglionectomy and ramisectomy 
followed by remission of all pregangrenous manifestations, was normal; but during 
injection of the thorotrast into the brachial artery he suffered excruciating pain 
in the forearm and hand, followed by absence of arterial pulsations and blanching 
of the hand for several minutes. 

This is the second case I have seen of severe arterial spasm due to 
arterial puncture in spite of the previous administration of papaverine. 
It indicated in this ease tliat there was a large element of spasm asso- 
ciated with the thromhoangiitis obliterans and explained the success of 
the ganglionectomy and ramisectomy. There was no question of the diag- 
nosis of thromboangiitis obliterans, since attaelvs of superficial phlebitis 
had occurred and other evidences of the disease existed. Intravenous in- 
jection of a second ampule of spasmalgin quickly relieved the spasm, 
but pain at the site of injection continued for some time, apparently due 
to the injection of a small amount of thorotrast into the tissues. The 
other ease of arterial spasm concerned a Avoman with Raynaud’s disease, 
whose artery I tried to inject while she was having an attack. 

ARTERIOVENOUS FISTULA 

Both congenital and acquired arteriovenous fistulas are demonstrable 
by arteriography. Besides showing the exact site or sites of fistulas the 
arteriograms indicate the size of the fistula but not the extent of the col- 
lateral circulation, Horton and Ghormley^' and Frieh and Levy^® have 
had experience with congenital fistulas. I have made arteriograms in 
four cases of the acquired form, one of which was reported in 1933 by 
Yater and White.^'’ 

Horton and Ghormloy^" have pointed out that in congenital arterio- 
venous fistula there are increased size and tortuosity of arteries leading 
to the fistula, “pooling of the medium in the region of the fistula, and 
absence of filling of the arteries distal to the fistula.” 

In acquired fistulas the appearance of the arteriograms is dependent 
martily upon the size of the fistula and the size of the vessels involved. 
Usually the fistula involves a relatively large artery and vein, since it is 
most often produced by gunshot or stab wounds and the missile must 
pass through both the artery and vein without completely severing them. 
The small fistulas are usually due to buckshot. 
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When the fistula is small and single, the arteries both above and below 
the fistula may be seen in the arteriogram ; Avlien large, they are probably 
never seen, the reason being that in the latter practically all of the blood 
liasses rapidly from the artery through the fistula into the veins. In a 
small fistula the A'cins distal to the fistula are not so large, numerous or 
tortuous as they are in the ease of a large fistula. In either ease there 
is a saccular enlargement of the vein in the region of the fistula, its size 
being dependent also on the size of the fistula and the size of the vessels 
im-olved. This is not a time aneurysmal sac, but merely a dynamic en- 
largement which collapses after death or removal at operation. 

With large fistulas the veins distal to the communication assume the 
role of the arteries in nourishing the extremity. This arrangement might 
work satisfactorily if it were not for the difficulty in the retuni of venous 
blood from the part. As a matter of fact, just how it gets back to the 
veins proximal to the fistula is unknowm, but the study of one of my 
cases suggested a mechanism. 

A brief report of the four cases studied will demonstrate these fea- 
tures. A more detailed report of the cases ivill be publi.shed elsewhere. 

The first case was that of a negro boy, aged fifteen years, who had been shot 
with buck,siiot, five montlis before, in the right arm. All of the physical signs of 
arteriovenous fistula were present in the antecubital fossa. Tlie arteriogram showed 
a saccular enlargement in the first part of tlic ulnar vein. The arteries distal to the 
sac were fairlj- well filled, as was also the brachial vein proximal to it but not the veins 
distally. These findings and the fact that there was little change in the pulse rate 
and blood pressure when the fistula was closed indicated that the fistula was very 
small. 

The second case concerned a negro, aged forty-four years, who had been shot 
with a shotgun in the right popliteal region twenty-eight years before. His com- 
plaint was not related to the arteriovenous fistula, typical evidences of which 
were found in the right lower extremity. Arteriograms showed great enlargement 
of the femoral and great saphenous veins proximal to the fistula, with a saccular 
bulging behind the knee. The popliteal artery was not visible above or below the 
knee, but few of the veins below the sac contained the contrast medium. Operation 
revealed a very small fistula, and the sac was not apparent in the .specimen. 

The third case was that of a white man, aged thirty-four years, who had 
symptoms .suggestive of subacute bacterial endocarditis. He had received a gun- 
sliot wound of the left thigh twenty-six ycar.s before. Physical .signs of an artcrio- 
venou.s fistula were prominent in fscarpa’s triangle. In making the arteriogram the 
femoral artery had necessarily to be punctured just proximal to the fistula. Tlie 
artery leading to the fistula was not demonstrable in the film. The vein formed a 
large fusiform sac in the upper thigh; the veins distal to it were visible but not 
distended or tortuous; and the artery was not evident. The fistula was thought 
to l>e of relatively .small size. Ojicration, performed with the hope that bacterial 
vegetatiojus might be pre.«ent in the fistula, .showed it to be about 2 mm. in diameter. 
No vegetations were found, as in the case of Hammon and EienhofT,2o and ten 
days later necropsy revealed subacute bacterial endocarditis. 

In the fourth ca.se, a negro, aged fifty-two years, had Iwen shot through the left 
knei." with a O.JS caliber rifle fourteen yo.ars Ijefore. Tlie leg was very large, and the 
superficial veins were very prominent, A large chronic ulcer was prc.aent on the an- 
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■ 1 fistula was well filled, and the popliteal vein was 

saplicnons Subsequent films showed many very tortuous 

tremendously distended (Pig. saphenous and popliteal veins 

wore notTmlirct. In tVe last films, however, the distal veins became less distinct. 
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vrhercas ttc great saphenous and popliteal veins became visible again. These 
findings indicated that the fistula rvas a large one. They suggested also that the 
contrast medium rvent down the veins and came back the same way, there being 
apparently turn simultaneous currents in the same vein. 

ANEURYSM 

Aneurysms are well demonstrated by arteriography, as sliowm by Frieh 
and Le\T.=^ Barker^ lias reported a ease of .spontaneous false aneurysm 



Flp. H. — Ruptured popliteal ancurj’sm. Popliteal artery interrupted, but tlblal artcrie.s 
visible. Pool of tliorotrast In upper calf. 

of the popliteal artery so demonstrated. Jly series includes a case of 
niptured popliteal aneurysm. 

The patient was a negro, aged forty-nine years, who six months before had been 
stnick in the calf of the right leg by a falling tub. This incident had been followed 
by swelling in this region, and when examined the whole leg was found to be 
greatly enlarged, with a soft mass in the popliteal fossa. On one occasion the 
femoral artery was injected with tliorotrast, on another, the femoral vein. The first 
films showed interruption of the popliteal artery for some distance, with a pool 
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of tliorotrast m the upper part of the ealf (Fig. 11). The second films showed the 
popliteal vein compressed on the peripheral side of the swelling containing this 
pool, thus accounting for the edema. Dissection of the leg following amputation 
above the knee showed a very large hematoma in the calf, which had formed as the 
result of rupture of a small popliteal aneurysm, probably sypliilitic. 

UNUSUAL CONDITIONS 

Arterial Si)as}n Due to Ergotamine Tartrato Ecsidting in Gangrene of the 
Feet. — Arteriograms were made in the case of a white fisherman, aged sixty-four 
years, who was given large doses of gjmergen hypodermically to relieve pruritus 
due to the jaundice of toxic hepatitis. Evidence of impairment of circulation in 



Pig. 12. — Spasm of tibial arteries due to overdosage of ergotamine tartrate. Oc- 
clusion in lower third of leg. Long collaterals to foot. Gangrene of distal halves of 
both feet. 

both feet developed on the third da}', and dry gangrene resulted after a few days. 
The arteriograms made more than a month later showed normal arterial shadows 
down to the lower third of the leg, where they faded out into a point (Fig. 12) ; 
long, thin collateral arteries passed downward to the foot from above the upper 
limits of occlusion. After amputation the arteries were found to be severely con- 
stricted and at intervals contained thrombi. 

ThromhoangUtis Ohliterans (?) in a Negro. — A negro, aged forty-three years had 
been having parts of the toes of both feet ulcerate and fall oif for nine years. 
Pulsations were absent in both dorsalis pedis arteries and in the left posterior tibial 
artery. Arteriograms of the right leg showed the anterior tibial artery missing, the 
posterior tibial normal, and numerous collateral arteries in the leg and foot (Fig. 
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13). Arteriograms of tlic left leg sliowecl obliteration of both tibial arteries in their 
lower third. A biopsy of the left dorsalis pedis artery revealed in microscopic scc- 



FIr. 13. — Thrombo.anRiitis obliterans (?) In a nepro. Occlusion of anterior tibial 

artery. Gangrene of toe.s. 

tions the lumen completely filled with old fibrous tissue containing a goodly number 
of small vessels. The media, which wa.s moderately fibrotic, contained a number 
of now arterioles. The case suggests thromboangiitis obliterans, but that disease 
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lifis nev6r Tdggh reported in tlie negro. On the other hand, syphilitic thrombo- 
arteritis is a possibility’. The patient 1ms been treated for syidiilis, and although 
his Kalm test is negative, he has signs of early aortic regurgitation. 



Pig. 14.^ — Thromboarterltic occlusion of femoral arterj’- and branches. Many long 

collateral arteries. Gangrene of foot. 

Ohliteration- of All of the Lart/e Arteries of One Loiver Extremity . — ’The most 
astonishing case is that of a negro, aged thirty-four years, who for three and a half 
months was suffering from ulceration and gangrene of the fourth and fifth toes of 
the left foot. He had had a penile lesion one year before, and his Kahn test , of the 
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blood was four-plus. The right lower extreruity was clinically normal, but the arterio- 
grams showed evidence of an occlusive process of slight degree in the tibial arteries. 
The whole left foot was affected by diy gangrene, and there were no pulsations 
in the arteries of that limb below the femoral triangle. Arteriograms revealed com- 
plete absence of shadows of the femoral, popliteal and tibial arteries, but collateral 
arteries were abundant throughout the thigh and leg (Fig. 14). Amputation 
was performed below the knee because of the good collateral circulation. There 
was very little bleeding during the operation, and no large arteries had to be 
ligated. Some gangrene has occurred in the stump, but amputation lias been too 
recent to permit an estimate of the ultimate outcome. Dissection of the amputated 
limb showed the tibial arteries to be small fibrous cords. Microscopic sections 
revealed obliteration of the lumina of the arteries with fibrous tissue and new vessels 
and vascular canals therein. There wore also some deposits of hemosiderin. The 
media was relatively intact except for secondary changes and some new vessels. 
The etiology was not clear. 

SUMMARY 

Tlioi’otrast, a stabilized solution of thorium dioxide, is in most respects 
an ideal medium for arteriographj*, and its use has made arteriography 
a practical and valuable procedure. It has been employed in many cases 
without apparent harm. The technic is relatively simple, and arterial 
puncture is not difficult after a little practice. Intex’pretation of the 
films requires some experience. 

Type of vascular lesion, sites of occlusion, and extent of collateral cir- 
culation are readily demonstrable. Perhaps the most practical use for 
arteriography is to aid in selecting the best site for amputation wlien 
gangrene has supervened. However, arteriography does not supplant 
careful clinical investigation, such as physical examination, thei’mo- 
graphic studies, oscillometric readings, and determination of the vaso- 
motor index. 

A simple routine method of arteriogiuphy has been described. Types 
of vascular lesions demonstrable by it have been discussed. Typical and 
unusual eases have been briefly imported and illustrated by photographs 
of arteriograms. 
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tions OP the rs-t segment and subse- 
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I N A PREVIOUS papcr^ it was show that a correlation exists ])ctween 
the eleetroeardiographic curves consequent to artificial stimulation 
of specific areas on the cat's ventricles and the later RS-T alterations 
i-esulting from eaulcrizal.ion of these same areas. Prom an examination 
of any one site, it Avas found that the main initial deflection of the 
extrasystolie wave was always opposite in phase to that of the RS-T 
alteration. Tlie purpose of this paper is to demonstrate the significance 
of the relationship existing between these differcirt portions of ap- 
parently dissimilar graphs and to show how conclusions draw therc- 
fi'om may be of value in advauemg our understanding of the nature of 
the RS-T deviation and the subsequent T-wave ATiriations folloAving 
localized ventricular trauma. 

THEORKTICAr. CONSIDERATION OF RS-T ALTERATIONS 

In order to explain this inver.se relationship regarding the direction 
of initial extrasystolie Avaves and subsequent RS-T deviations, it is 
noce.ssary to revicAV the Avell-knoAvn monophasic electrocardiograms ob- 
tained from excitation of injured cardiac muscle strips. This explana- 
tion depends upon tlie fundamental principle, the basis of all the pres- 
ent concepts of tissue actiA-ation (LeAvis, Craib, Eyster, jilacleod), that 
tissue in an excited state is relatiA'ely negatiA'e to ti.ssue in a resting 
state. 

As is generally knoAvn, u])ou .stimulation of a theoreticallA' uninjured 
cardiac muscle strip at either end {la, Fig. 1), a diphasic electrocardio- 
gram is recorded in Avhich there is a prominent initial Avavc, an inter- 
vening isoelectric ])eriod due to a balance of potential difCerence.s, and a 
terminal Avave of loAver amplitude Avhose excursion is opposite to that 
of the initial Avave. The direction of both Avaves, hoAA'evei’, AA’ill depend 
upon the connections Avith the string galA-anometer and upon Avhich end 
of the inu-scle strip is excited. .Since the end stimulated is the first to 
manifest negativity, ih i.s recorded Avhen the mu.sclc .strip at point A. is 
activated and Jc is recorded AA-hen the .strip at point B i.s actiAMted, If 

'Frr.iii th<‘ CriraiovaFcul.-ir lyibomtoiT,- nnil the IJoparttncnt of Mc-rticinf; of the 
n irh Hof-pitn! of laor.klyn rm.l tlie IX-p:n tmeni of Pliv.tloloev, Ixinsr Collect 
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the quiescent muscle strip is injured at B, and injured-uninjiu’ed lead- 
offs are taken, a demarcation current or current of injury is recorded 
(Id) which persists so long as dying tissue is present. Upon excitation 
of any part of this injured strip, a diminution or negative variation of 
the current of injury now manifests itself. The string, which has been 
displaced from the isoelectric line by the demarcation current, tends 
to approach it and a monophasie tjqie of curve (la) is recorded during 
the excitatory j)eriod. The direction of this excursion is constant despite 
variations in the site of application of the stimulus.^ Since in the usual 
operation of the electrocardiograph, constant currents, such as the in- 
jury current, are eliminated by the compensation of the string, If is 
obtained instead of le, and so only the negative variation of the current 
of injury is ordinarily exhibited (If). 

Certain conclusions can be drami from a study of these electrograms. 
In line Avith the concept that injury to muscle tissue causes similar elec- 



Fig. 1. — ^In lUj the simple cardiac muscle strip A~B is so connected to the galvanom- 
eter that relative negativity at A causes' an upward excursion of the string. In 
the frontal section of the heart is connected to tlie galvanometer bv means of the 
standard indirect Lead I. The deflections are explained in the text. The dashed hori- 
zontal line represents the theoretical isoelectric line of the galvanometei'. The dark 
area in each diagram represents the relative size of the injured tissue. 


trieal reactions as does activation of muscle tissue, it is noted that the 
initial wave of the electrocardiogram (Ic), caused by stimulation at 
point B before injury, is in the same direction as the current of injury 
{Id) resulting from trauma to this site {B). Since the monophasie waA^e 
obtained upon stimulation of the traumatized muscle (le) (or If after 
coiniieusation) represents the negative Amriation of the existing current 
of injury, it is in opposite phase to the simple current of injury (Id); 
and it, therefore, must be in opposite phase to tlie initial deflection of the 
curve (Ic) obtained by stimulation of the site (i?) before the injury. 

Tile frontal section of the heaid {2(i) may be regarded as a coiled and 
distorted thick muscle strip connected to the galvanometer by an indirect 
lead such as the standard Lead I. Normal cardiac acth^ation is a balance 
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betAveeu almost simnltaneoiis right and left ventricular excitation and, 
in Lead I, often produces a record such as 2h. Upon stimulation at X 
on the surface of the left ventricle, a doAviward initial wave (5c) is 
observed in the electrocardiogram. If it were possible to obtain a record 
with the heart momentarily free of excitation 2d would be registered on 
cauterization at X The direction of this deflection would be negative 
because the negative pole of the demarcation euiTcnt is oriented nearer 
to the left arm electrode. If, after such an injmy, normal sinus rhythm 
is again recorded, 2e would be obtained, and with string compensation 
2f would be observed. 

Comparison between 21) and 2f reveals a difference in the contour of 
the graph consisting of a idateau instead of an isoelectric period between 
the E- and T-waves. This plateau is recognized as the ES-T change fol- 
lowing injiu’y to the hcaif muscle and is the counterpart of the mono- 
jihasic type of euiwe {If) obtained Avith excitation of the injured muscle 
strip, and recorded by direct leads. Since, uiidcr these conditions, the 
direction of the ES-T excursion is merely the result of a decrease or 
neutralization of the fixed demarcation current, it can be seen that the 
type of deviation is constant regardless of the source of cardiac excita- 
tion subscciuent to the burn. Samojloff,“ Parkinson and Bedford,® and 
CraAvford and his eoAvorkers'' liaA'c all looked upon the ES-T change 
as a decrement of the current of injury. 

It is evident that the initial Avave resulting from stimulation at X 
before the cauterization (5c) is in an opposite phase to the ES-T dcAua- 
tion observed after trauma to the same site (5/) ; and furthermore that 
it is in the same phase as the dcmai’cation current {2d). This, therefore, 
conforms AATth the theory that both excitation and injury are related 
electrical processes. There is this difference, lioAVCA'cr, that AA'hilc the 
demarcation current is essentially a local phenomenon, the initial AA’avc 
of the exti’asystolc represents the activation Avave traveling from the 
point of stimulation not only through the underlying muscle Avail, but 
also through the i-emaindcr of the Amntricles. Since the heart may be 
a,ssumcd to apirroximate grossly a muscle shell (Wilson and his co- 
Avorkers'^), the average direction of the excitation Avave penetrating from 
opicardium to endocardium Avill usually also correspond Avith its average 
or resultant direction through the rest of the heart. It can thus be 
UTulorstood AA’hy the entire initial dctlection of the extrasystole is usuall.v 
in the same phase, as the local demarcation current and in the opposite 
phase to the subsequent ES-T change. 

These theoretical considerations ai‘c sup])orted hy our cx])crimcnts’ in 
AA'hich it was found tliat the initial cxtrasystolic Avaves, obtained by 
stimulating the heart at any area, Avore opposite in direction to the ES-T 
changes recorded after burning the same region. This correlation 
usually Avas present for all three leads. ^Moreover, in the case of the 
extrasystobc complexes recorded from A'arious sites of stimulation sub- 
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sequent to the, cauterization of any one ventricular site, it was found that 
there was a displacement in the normally short isoelectric period existing 
between the initial and terminal deflection. The direction of this altera- 
tion depended solely upon the location of the injury, the change in all 
curves being in the same direction in any one lead, regardless of whether 
the activation of the heart arose from the sino-auricular node or from 
any point of stimulation on eitlier ventricle. 


COMPARISON OP EXTBASYSTOLES AND RS-T CHANGES IN THE HUMAN HEART 


It is realized that the architecture and position of the heart relative 
to the standard limb leads are not alike in man and in the cat, and that 
experimental data on electrocardiographic localization of sites of stimu- 
lation and cauterization cannot therefore be wholly transposed from one 
to the other. However, the correlation of extrasystolic curves and RS-T 
changes, drawn from the obseiwations in the cat’s heart, is dependent 
upon electrical jiroioerties inherent in all myocardial tissue and may, 
therefore, apply equally as well to the human heart. 

In order to apply this relationship to clinical cardiac infarction, it is 
neeessaiy to review the extrasystolic complexes obtained upon excitation 
of the human heart. Upon stimulation at the left apex anteriorly, 
Barker and his associates® recorded negative main initial ventricular 
complexes in all three leads, the negativity being least in Lead III. 
Above this point but still within the lower half of the left ventricle, the 
complex of Lead III alone became transitional between negative and 
positive. In accordance with the correlation mentioned above, infarction 
at the apex of the left ventricle anteriorly would be expected to yield 
positive RS-T deviations in Lead I and Lead II and possibly in Lead 
III. AVitli some upward extension of the infarct, RS-Tj would become 
isoelectric or even negative. These predicted changes thus seem to con- 
form with the T^ type of electrocardiogram usually observed with in- 
farction in this region and also with the common variation of the T^ 
type. 

Upon stimulation of the posterior surface of the human left ventricle, 
Barker and his coworkers again recorded prominent negative initial 
extrasystolic complexes in all three leads. An infarction in this region 
might then be expected to produce RS-T elevations in all three leads. 
However, the most frequent site of infarction in the posterior wall of the 
left ventricle is usually near the septum and sometimes the involvement 
extends partly over to some right ventricular musculature. This site 
may lie in part to the right of the transitional line for Lead I,* and extra- 
systoles obtained from here would probably demonstrate isoelectric or 
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even ])ositive initial complexes in Lead I. Hence it can be seen Ibat an 
elcctroeardiograni of infarction in the latter region would reveal eleva- 
tion of ES-T:; and RS-T3, whereas RS-Ti might be isoelectric or even 
negative. It is evident tliat .such a grapli is similar to the clinical 
type of record obtained with the most frequent site of infaretion in the 
posterior wall of the left ventricle. 

Certain inferences may be drami about localization of clinical myo- 
cardial infarction if the data olrtained in tlie cat’s heart are more broadly 
applied. In anterior infarction the ES-T3 displacement depends upon 
the eaudoeephalie relationship of the infarct in the left ventricle, 
cephalic extension producing a negative RS-T.-j and caudal localization 
pi-oducing a positive RS-T3. In anterior infarction of the left ventricle 
RS-Ti and RS-T2 are usually positive. In posterior infarction the 
RS-Ti displacement depends upon the extent of the infarction to the 
riglit or left of tlie line of transition for Lead I, mentioned above, 
extension to the right yielding a negative RS-Ti. RS-T2 and RS-T.-j 
arc ordinarily positive in posterior infarction of the left ventricle. 
Accoi'dingly, the frequently observed reciprocal relation of RS-Ti and 
RS-T;t displacements in individual clinic records appears to us to be 
merely fortuitous. 

THE VARIAITOXS OF THE T-WAVE FOLLOWIXG MYOCARDIAE INFARCTION 

It is readily appreciated that the RS-T deviation from the isoelectric 
line pei’sists only so long as the current of injury endures. In patients 
with myocardial infaretion, the subsequent electrocardiograms during 
a temporary interval of weeks or even months usuallj’- reveal a promi- 
nent coved and peaked T-wave, wliose direction is opposite to that of 
the previous RS-T alteration. This sequence may be explained by a 
further application of the theoi’etical considerations presented above. 

With vascular occlusion the injured myocardium manifCvSts a current 
of injury only during the initial stage of degeneration, since dead muscle 
fibei-s are electrically inert. As healing in the infarct occurs, the 
absolutely destroyed muscle becomes replaced with fibrous tissue, and the 
other part returns to a normal .state sooner or later. As Parkinson and 
Bedford^ have remarked, there exists in all probability a zone of transi- 
tion, exhibiting impaired circulation, between the normal myocardium 
and the site of actual necrosis. It is reasonable to as.sumc that in this 
intonnediatc zone, the zone of reactive inflammatory changes, there may 
be some impairment of myocardial function with a concomitant delay 
in the electrical proce.sses of both activation and retreat. 

Delay in retreat in this transitional zone may account for the coved or 
“coronary” T-wavc. The comparatively low voltage of the normal 
T-wave is the result of a partial balance, and the preceding isoelectric 
interval a result of complete b.alancc, of opjiosing clectropotentials exist- 
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ing simiiltaueously tliroiigliout the major portion of the heart during the 
recoveiy period. As Katz® has pointed out, the actual direction of the 
T deflection is probably determined by that part of the heart in which 
the electropotential endures the longest. When any pronounced local 
retardation in recession appears, its electrical effects are practically un- 
opposed by those of earlier retreat in the rest of the heart; and one of 
the possibilities of such an imbalance is the production of a T-wave of 
greater magnitude and of different contour and direction. It is reason- 
able to assume that the negative potential in the activated muscle mass 
would peraist longest in the intermediate zone with impaired circulation, 
discussed above, and that the “coronary’’ T-wave would therefore be 
due to the delayed and consequentlj’- unopposed electropotential present 
in this zone. Furthennore, since the direction of the original current of 
injury was also the result of negative charges in the same location and 
orientation, it follows that its theoretical registration and that of the 
' ‘ coronary ’ ’ T-wave would both be in the same phase. Since the RS-T 
alteration obtained during the acute stage was a decrement of the cur- 
rent of injury and thus in opposite phase, it can be understood why the 
direction of this RS-T alteration similarly is inverse to that of the 
subsequent “coronary” T-wave. 

To illustrate this relationship and to demonstrate that tlie theory of 
doublets and their limited potential differences may also apply, a 
specific area of the heart, such as the apex of the left ventricle, will be 
considered. Because of the site chosen, the normal potentials of excita- 
tion and retreat travel dowmward and to the left through this region. If 
it were possible to record only their local electrical effects, the initial 
deflections (representing excitation) would be positive, and the terminal 
deflections (representing retreat), negative in at least Lead I and Lead 
II. At tills site the initial deflection of Lead III would be either positive 
or negative, and, hence, for simplicity, this lead is not included.-'" It is 
generally loiovoi that acute infarction of the apex of the left ventricle 
produces RS-T elevations in the first two leads and subsequent T-waves 
which are negative. The direction of these T-waves is, therefore, similar 
to that of the above mentioned terminal deflections normally arising 
from this local site during retreat. In consequence thereof, the “coro- 
nary” T-wave is necessarily due to a predominance of the recovery fac- 
tor in this region caused, most likely, by the delay in retreat incident 
to the infarction here. 

Craib® has made the assumption that the “coronary” T-wave is due 
to the entire absence, during recovery, of the normal electrical effects 
in the infarcted region. If this were so, then the balance during re- 
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covery would swing in the opposite direction; and with the normal nega- 
tive terminal components of Lead I and Lead II missing from the infarct 
at the apex of the left ventricle, the “coronaiy ” T-waves would become 
more elevated than the normal T-waves, and thus he recorded in the 
same direction as the previous ES-T alterations. Craib’s assumption in 
reference to the usual “coronary” T-Avaves of several weeks’ duration 
accordingly does not seem applicable. The most satisfactory explana- 
tion for the origin of the “coronary” T-wave, it seems to us, is that it is 
a result of the retardation of rceovciy in the living muscle tissue with 
impaired nutrition, lying in the zone between the actual necrosis and 
the normal heart muscle. With the return of metabolic conditions in 
this intermediate zone to normal, the “coronary” T-wavc gradually may 
become replaced by a normal T deflection. 

HoAvever, curves of acute iiifarction, showing large T-waves in the 
same phase as RS-T alterations and occurring for a short time after 
the acAite insult, have been reported and can be explained by the sup- 
position that part of the affected myocardium is in a slate of shock 
and consequently inert eleetileally, while the other more severely dam- 
aged part produces only the current of injury. 

SUM JI ARY 

1. The theoretical basis is presented for the correlation, observed in 
the cat’.s heart, tliat the initial deflection of the extrasystolie wave, 
recorded Avith artificial stimulation upon a specific site, is in opposite 
phase to the RS-T change, recorded AA’ith cauterization of the same site. 

2. Tliis correlation seems applicable to the human heart. It ma}’’ ex- 
plain the A’ariations in tlie relationship of the RS-T displacement in 
the first and third leads. 

3. The usual characteristic T-Ava\'c of myoeai’dial infarction is prob- 
ably the re.sult of a retardation of the process of retreat in the liAung 
muscle tissue Avith impaired circulation, lying in the zone betAveen tlie 
actual ncrosis and the normal heart muscle. 
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APPLICATION OF ROENTCENKyMOOKAPHY TO THE 
STUDY OP normal AND ABNORMAL CARDIAC 

PHYSIOLOGY^' 

I. Seth Hirsch,. M.D., and Richard Gubner, M.D. 

New York, N. Y. 

R OENTGENKYjMOGRAPHy is a method of recording graphically 
visceral movement b.y tlie x-ra}’". The technic and the general prin- 
ciples of application of this method to the study of the heart have been 
dealt with in other communications. 

RoentgenkjTnography of the heart gives a record similar to that ob- 
tained with the myocardiograph in animal experiments. Both inscribe 
cardiac movement, but tlie roentgen method, utilizing a beam of x-ray 
instead of a mechanical lever, gives a record which is freer from distor- 
tion. 

The kymoroentgenogram of the heart is made by interposing between 
the patient and the film an impermeable sheet of metal in which there 
are slits 0.4 mm. in width, spaced 12 mm. apart. The film is not station- 
ary as ill the ordinary roentgenogram, but moves at right angles to the 
direction of the slits during the exposure. Actually the movement of 
only those portions of the lieart surface are recorded which are opposite 
the slits, thin bands 0.4 mm. wide and 12 mm. apart. This spacing is, 
however, sufficiently close to give information regarding all those por- 
tions of the heart which contribute to the make-up of the cardiovascular 
shadow. To avoid overlapping of the records, the film is moved just 
short of the distance between the slits (Fig. 1). The film is standardized 
to move 12 mm. per second, and the exposure is one second, thus record- 
ing one or more complete cycles. The time may be read on the distance 
axis. 

If the movement of that portion of the heart shown in the slit is more 
or less parallel to the direction of the slit, it is recorded in the form of 
a wave. If the point has no movement or if the movement is at right 
angles to the direction of the slit, the contour shows a straight edge 
without waves. 

The form of the wave with a definite rate of film motion depends on 
the character of the movement of the particular point of the heart. The 
legs of the waves may be straight or curved depending on the speed of 
motion. A verj^ sharp peaked wave is produced by an extremely rapid 
movement and change in direction. The movement may be so fast that 
its recoid is practically a horizontal line. A domelike wave represents 

*Prom the Department of Radiology, College of Medicine, New York University. 
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a slow cbatige in direction, a progressive increase and diminution in the 
speed of movement — a motion similar to tliat of a swinging pendulum. 
Wlicn the to-and-fro motion is not regular, the motion being faster in 
one dii-ection, the fa.ster motion produces a straightening and shortening 
of the particular leg of the Avave. Imposed on these waves are angula- 
tions, hooks, peaks, indentations, and terraces, representing the rapid 
changes in the direction of the movement of the cardiac muscle, move- 
ments of the lieart as a whole, and local Aubrations produced by currents 
of blood Avithin the heart. 

It is obvious that the outAvard thinst of the heart action (diastole) 
produces one side of the' Avave and the iinvard thrust (systole), the 
other. The crest of the Avave repre.sents the end of diastolic period or 



hogiiniing of systolic, Avhile the dcc])est j)ortion of the trough rei)re- 
.sents the jseriod of maximum sy.stole or the beginning of diastole. 

Since the film moves doAvnward, the fioAV of the time is upward. The 
Avaves differ in morj)hology de])cnding on tlie chamber of their origin. 
The altitude of the Avave represents more or le.ss accurately the ampli- 
tude of movement; the abscissa the duration of movement. Recorded 
diiring tiie same fraction of time, the time relationships of the various 
wave.s are tlirectly comi)aral)!e. The analy.sis of the time relationships is 
limited by a lime rcsolufirai of 0.02 .sec. 

Pigun* 2 is a tyj)ieal kymognun of a Jiorma! iiearf. Tt is obvious that 
the waves differ in ap])eai’ancc over diderent juiiis of the cardiac shadOAV 
and are characteristic for each chamber, thus providing a method for 
topograpliic analysis of the cardiac contour. It is not necessary to cn- 
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ter here in detail into tlie contribution which this inetliod of examination 
makes to the analysis of the composition of the cardiac silhouette. It 
is sufficient to point out that, contrary to the usual x-ray and anatomical 
interpretation, the right ventricle appears to participate in the foima- 
tion of the lowermost portion of the right cardiac contour in a large 
proportion of normal liearts. Definite ventricular Avaves piacticallj 
similar to the ventricular waves on the left side have been found in 75 



Fi^. 2. — RoontgonkyinoKr.am of a normal heart. The -waves over the entire 
cardiac shado%v arc movement rccord.s of the particular portions of the heart and 
its preat ve.s.sels. Tlie peak of the -wave represents tlio particular part in maximum 
diastole or dilatation while the deepest point in the valley represents the position of 
the particular part in maximum sy.stole or retraction. AVaves of different >=hape 
and .-^ixe may be distinguished over different portions of the cardiovascular shado-?v. 
corresponding to the chamber of their origin. Since tlie duration of the x-ray ex- 
posure Is one second, the distance between the black lines mav be divided into .a.s 
many parts a.s is desired representing fraction.s of a .second. By Laying off on the 
waves of each hand a, definite distance, corresponding to a certain fraction of time 
and connecting Ihe.so homologous points, the shape and outline of the heart at that 
particular instant may be shown. 
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FIk. C. — U!n>nninmatic ropresentatlon of relation of kymofTr-'^Plilo wave record 
to Hie record of other event." of the cardiac cycle. The inovcnients of the different 
chatnber.'i may he frrapliieaily correlated and the rcl.atlon of the kyniOKiaphic wave." 
to each other and to otlier cvi'ntR in the cardiac cycle. Tlie time relationa of the 
frj'nnVyrnphic wave.? linve been clieched with simultaneoiwly recorded electroeardlo- 
ftrtitlfr and lit-.art ."oundK ami on thi," hasl.? tlie wave." may be afs.=iBned to ajrficiflc 
in the c.-irdiac cycle, in fljj. r> la a Kraphic correlation of the v/ave." of various 
clianilier? with a ."iriniitaneoti,"!}' recorded clectrocardloKraph. 
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per cent of yonng adults. Further, the portion of the cardiac contour 
above the right auricle is generally taken to represent the ascending 
aortic arch. However, in ISO noi’inal hearts, aortic waves wDre piesent 
in only 20 per cent. In the majority of eases this portion of the cardio- 
vascular contour is apparently formed by the superior vena cava. 

• The movements of the different chambers may be graphically cor- 
related by charting the relationship of the kymographic weaves to each 
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4. — Graphic correlation of kymogi-apliic ^va^'es irom a normal kymogram. 

other and to. other events in the cardiac cycle on the same time axis as 
is diagrammatieally represented in Fig. 3. The time relations of the 
kymographic waves have been checked wdth simultaneously recorded 
electrocardiogram and heart sounds, and on this basis the wmves may be 
assigned to specific events in the cardiac cycle. Figure 4 is a graphic 
correlation of the weaves of the various chambers, with a simultaneously 
recorded electrocardiogram. 
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VENTRICULuVU WAVI^S 

This -wave consists fuiulainentally of a sharp, smooth iinvard limb 
roprosentinsr systole, followed by a bent- limb reiiresonting diastole. The 
amplitude of the wave does not, however, always represent the true 
amplitude of motion of the ])articular ])oint of the ventxieular contour. 
The IvV-mogram records accurately only that eom])onent of motion par- 
allel to the slit ; movement at an angle to the slits is somewhat distorted 
and exaggerated. 

If the motion is not parallel to the. direction of the slits, as is the case 
with the greater portion of the left cardiac border, particularly in cases 
in which the upper part of the contour runs very obliquely to the direc- 
tion of the slits, the anpilitudc may be determined by projecting cor- 
responding peaks and troughs of two bands to the horizontal line bound- 
ing each band and connecting these projections. Tlic perpendicular 
distance between these lines is the amplitude, but not the exact ampli- 
tude, for with a target-film distance of 100 cm. there is still some mag- 
nification of the image.^' 

The ventricular wave hears a clo.se resemblance to ventricular volume 
cui'ves experimentally recorded Avith the cardiometer. Some, impressed 
by the close cori'espondence, regard the kymographic Avavo of the left 
ventricle as practically a pure A-olume curve, and Avith re.strietions ac- 
cept differences in amiilitude of the AA'aA'e as indices of the changes in 
stroke volume. Quantitatively, hoAvcver, the change in cardiac contour, 
Avhich the kymogram recoi'ds, is not purely a volume change, but is the 
rc.sultant of the predominant contractile thrust, of rotary movements, 
and of motion of the heart as a aa’IioIc. Besides this there is the motion 
of the atrioventricular septum AAdiich is not at all rejiresentcd in the 
movements of the outer contour. 

This criticism ajiplie.s, of course, not only to the kymograjduc, but to 
all x-ray technics of studying cardiac motion, A'iz., fluoroscopy, cincma- 
lograiihy, and systole-diastole exposures, and rcA’eals the fundamental 
inaccuracy of atteiiqiting to estimate changes in heart Amlume from 
changes in the area of the cardiac shadoAv as has been adA’oeated by 
Bardeen' and by Eyster and iileek.' 

The di.astolic limb of the ventricular Avave (Fig. .^)) at ordinary lust- 
ing rates of from sixty to eiglity shoAvs a break at about its middle, the 
later half of tlie Avave being somcAvhat flattened. The finst major .seg- 
ment of th(‘ diastolic limb corresjionds to the ])eriod of early rapid in- 
flow. The break in the limb indicates a reduced rate of filling, i.e., the 
pei-iod of diastasis preceding contraction. Auricular .systole, Avhich oc- 
curs during this jx-riod of diastasis, does not usually modify percepti- 
bly the dia.stolic Avave and does not apiiear to contribute significantly to 

*\\Tii!e tlip yiiArtfr focul <U.«tnnc,' prftvpnt.'j toRjrof-ntficnoKrnplilc iTic.'i,«iirfni‘jnlK, It 
iT’vrrthf'Io^B hits tho :t(tvrsnt;ico of «->nphrtslKlnil b.v .«>l)f:ht m-'i^.-nincxUnn tli<t ntoi«; 
:tni3 p«:ri:':ptU)if portions of thf* 



419 


HIRSCH AND GUBNER : ROENTGENKYMOGRAPHY. 

ventricular filling, altliougli occasionally a distinct outthnist on the 
diastolic limb may be observed simultaneoiislj^ with the inthrust of the 
auricular Avave. "When the heart rate is rapid, the break in the diastolic 
limb disappears; there is no period of diastasis; and the filling continues 
uninterruptedly to the beginning of the next systole. Under these cir- 
cumstances auricular systole contributes significantly to the filling of 
the ventricle, for the ventricle is not yet full when auricular systole 
takes place. 



Fig. (5. — Graph showing the relationship oC movement to conduction phenomena. 
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transposed from kymogranis showing the waves of left 
normal state, in mitral stenosis, and in mitral insufficiency. 


ventricle 


in 


The rapid inflow into the ventricle in early dia, stole occurs as a con- 
sequence of the accumulation of blood in the auricle during the ven- 
tricular systole while the atrioventricular valves are closed. When the 
valves are opened, the inflotv into the venti-iele takes place with a 
sharp sudden fall in auricular pressure. 

.In mitral insufficiency the first dynamic event is congestion in the 
left auricle, which precedes further back pressure effects into the pul- 
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inonary artery, right heart, and great veins, the mean pressure in the 
pulmonary ail cry usually not being measurably aiteeted (JtcCollum 
and McLure’==). AT'hen the insufficiency is uncomplicated, the pressure 
in the left auricle is increased markedly during ventricular systole be- 
cause of the regurgitation. The rate of inflow into the ventricle in eai’ly 



l-'iK. 7. — Mitral ln.«u(lick‘ncy. vt'nlriculnr flUliiB abrupt and almost completely 
la early ill.a.st'jba Clinically iliaKriosIs «if mitral iJtenoHiM was; nuule on b.'i.«is of loud 
Fj'.'itiilic and dlruftolic muriiiurf-- at ajK-x. with pre.sy.'stoHc inurinttr ami thrill at 
mitral area. Po.-^t-murt'-m examination revoalral a proatly tvidoned mitral ontla with 
n-i •■vMi n<-c of any .'sc«-nii,‘-i«. 

Fur. S. — Mitial ^t«'n>>?i.s. I)< layo,i fillin" of b-ft ventriede, mofit of flllinK- oocurrlnp: 
at I nd of dl.if-'tolc chi'* to auricular sy.«tolc. The ventricular movcm';nl i.s of ainail 
a iiii'UtUile. Tvldcal buttonhole mil ml .'teni>si': round at autopay. 


diastoh; is accordingly accelerated. There is practically complete filling 
in the early inflow phase. This, as pointed onl by Ilir.sch, is revealed 
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in the ventricnlar wave by a rapid, outwardly directed limb in the 
early inflow phase of diastole. It is succeeded by a long period of 
diastasis. The two phases of the diastolic limb are thus differentiated 
by a sharp angulation (Fig. 6). 

In mitral stenosis, on the other hand, although the left auricular pres- 
sure is also increased, early diastolic infloAv is impeded because of the 
narroAved atrioventricular oriflce, and the filling is sIoaa- and gradual 
throughout diastole, Avith no period of diastasis (Fig. 6). Under these 
circumstances, auricular systole may contribute significantly to A-en- 
tricular filling. The diastolic limb of the ventricular Avave is an un- 
broken line of loAA"^ amplitude and attains its maximum height late in 
diastole. 



Pig-. 9. — Mitral stenosis. Grapli showing the typical late ventricular filling and the 

diminished aortic movement. 

When both lesions coexist, the filling curve varies from the insuffi- 
ciency to the stenotic type depending on Avhich process predominates. 
It is generally ImoAAm that detection of an organic stenotic lesion as 
evidenced by a diastolic apical thrill and murmur does not necessarily 
signify dynamic mitral stenosis. The characteristic dynamic changes 
are, according to Wiggers, produced only by excessiA^e degrees of ste- 
nosis, a very considerable degree of narroAAing (approximately to one- 
quaitei natural size), being required before the increase in resistance 
fails to be compensated for by the rise of left auricular pressure AA^iich 
naturally folloAvs. 

The kymographie examination may thus assist in the clinical differ- 
entiation of the dominant lesion, in the presence of signs indicating 
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double mitral disease. In Fisis. 7 and 8 are roprodxicod the ventricular 
kymographie waves of two case.s, each clinically diagnosed as double 
mitral disease. The lv>-mograpbie diagnoses based on the study of the 
waves of the loft ventricle, in one, of mitral iusulBciency (Fig. 7), and 
in the other, of mitral stenosis (Fig. 8), were confirmed by autopsy. 

Tlie gi‘a])hic transeriptiou in Fig. 9 illustrates clearly the delayed 
filling of the left ventricle in mitral stenosis; the case being that of 



a lhiily-three-year-old woman, witli a twenty-eight-year history of rlioii- 
matic activity, prc.senting all the clinical features of mitral .stenosis. 

figure II shows a graj)hie correlation of the waves from a kymogram 
<»f advanced mitral insufiiciency (Fig, 10), The left auricle is markedl.v 
dilated, occupy iiig a considerable jamtion of the left contour. The 
ventricular wave shows the accentuated early dia.slolic inflow character- 
istic of mitral insufficiency, followed by a long period of reduced filling. 
During ventricular .sy.stole the auricle is seen to fill to a gu’cafer degree 
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than normal, becansc of the regurgitation. The auricular waves other- 
wise resemble the right auricular waves found normally'. The systolic 
outthrust of the aortic wave in t.liis case is considerably slower than 
normal, indicating a reduced rate oL‘ ejection. TJiis, according to Wig- 
gers,^^ is the dynamic crux of mitral regurgitation, a heart remaining 
compensated in the face of a mitral leak so long as it is able to attain a 



Fig. 11. — Grapli from kvinogram shown in Fig. 10, sliowing’ correlation of aortic, 
ventricular and auricular waves. The graph shows almost complete filling of left 
ventricle in early diastole, marked increase in left auricular volume coincident with 
systolic intlirust of the left ventricle and slow systolic outthrust of aortic wave 
as in aortic stenosis duo to diminished rate of ventricular discharge into the aorta 
in consequence of mitral regurgitation. 



12.— Development of mitral insufficiency in a child of eleven years. A. normal 
kjmogram, taken upon admission for first attack of rheumatic fever. 

of mitmMnsufflc'iS."^^'’ showing ventricular wave’ characteristic 


rapid rise of pressure isometrically and maintain a normal rate of dis- 
charge, decompensation setting in wlien a weakened myocardium cannot 
contract forcibly enough to raise its pressure rapidly, the pressure being 
dissipated through the mitral valve due to the regurgitation, with con- 
sequent diminished rate of discharge into the aorta. 
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The development of mitral insuffieiencj* recorded kymographieally, 
paralleling the clinical coiu’se, is shown in Fig. 12, .4 and B. The first 
kymogram, taken shortly after admission for a first attack of rheumatic 
fever, is normal, but the second, six months later, shows a decided modi- 
fication of the wave of the left ventricle wliicli indicates that the ven- 
tricle fills abruptly early in diastole and that this is followed bj' a long 
period of diastasis giving the wave the appearance characteristic of 
mitral insufficiency. 

Superimposed on the main limbs of the ventricular wave are two 
small serrations. One is located immediately after the end of systole, 
appearing usually as a .step at the beginning of the diastolic limb. This 
corresponds in time exactly with an ineisura on the retracting limb of 
the aortic and p\ilmonary artery waves. The other serration is located 
at the peak of the ventricular wave, at the beginning of the systolic 



Flfr. 13. — -Vari.'itlon^ of thr? ventriciilfir wave from ba.'so to apc.ic. The aeturil time 
or ciosuro of tho A-V valves Is the same, but there Is apnarenllv a more vigorous 
movement at llic* base. • i . 

limb (Fig. 5). These serrations have been shown by Hirsch and 
Schwarzschild' to eorrespojid exactly with the second and first heart 
sounds, re.s])ectivcly. Since the .sounds are I'elated to valve action, it 
appeal’s likely that these waves are related to closure of the semilunar 
and atrioventricular valves. 

1 he steplike serration simultaneous with the second heart sound at 
the beginning of the diastolic limb and corresponding precisely in time 
uith the inci.sural notoli of the vascular waves terminates simultane- 
ously with the decpp.st point of the ineisura, which marks the closure 
ol the semilunar valves (Fig. 3). 

The constant appearance of the .serration as an outward step at the 
beginning of the diastolic limb and its .simultaneity ivith the second 
heart sound and with the vascular ineisura suggest tliat a perceptible 
regurgitat ion maj take place jihysiologicaliy at this time, i.c., before 
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the closure of the semilimar valves. Further evidence for this view is 
afforded hy the fact that in aortic insufficiency this initial outward limh 
is greatly accentuated, appearing no longer merely as a small step en- 
grafted on the main diastolic limh, hut as a definite peak. 

The serration simultaneous with the first heart sound appears as a 
double peak with an intervening notch, the total duration of this com- 
plex being about 0.08 sec. It is located essentially at the peak of the 
ventricular wave but undergoes progressive modification from the base 
to the apical portion of the ventricular contour, as seen in Fig. 13. To- 
ward the base of the heart, the .second peak is located on tlie s.YStolic 
limb; over the middle and apical portion of the ventricular border, it 
lies closer to the apex of the ventricular wave. The time of this second 



Fig". 14. — Correlation of ventricular kymographic wave with intraventricular pres- 
sure curve. 

peak is the same over all portions of the ventricle despite changes in 
position. The trough between the two peaks is simultaneous with the 
onset of ejection as measured by the begimiing outthrust of the aortic 
wave. 

This complex cannot represent volume changes, for the first inward 
movement occurs during the isometric phase of the systole and simul- 
taneous with the major component of the first heart sound, before ejec- 
tion has begun. These rapid movements do, however, parallel and 
appear to reflect the changes in intraventricular pressure which occur 
at the onset of systole (Fig. 14). 

During the isometric phase of systole there is a sharp rise of intra- 
ventricular pressure which transiently overshoots the aortic pressure due 
to inertia in the opening of the .semilimar valve. With the opening of 
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tlie semilunar valve there is an abrniii decline to aortic pressure, the 
intraventricular ])rossure thereafter following aortic pressure for the 
remainder of systole. 

The isometric overslioot of intraventricular pressure above aortic pres- 
sure api)ears to be directly proportional to the vigor of ventricular con- 
traction, the overshoot disappearing in a weak ventricle, due to the 
lessoned rate of increase in intraventricular pressure isometrically, giv- 
ing the semilunar valve time to open before the aortic pressure is 
exceeded. It is significant that in myocardial degeneration the cor- 
i-esponding spike of the ventricular serration is greatly diminished or 
absent. It is also lost in mitral insufficiency where the regurgitation 
])revcn1s an abrupt rise of inti-aventricular prc.ssure. 

The same sort of vibrations have been described by Tennant and 
Wiggei-s’® ex])erimentally with the myograph. This, however, is believed 
by them to be an- artefact. It is interesting to note that in their myo- 
grams showing the devcloinncnt of myocardial damage following coro- 
nary occlusion these serrations disappear. Tennant and Wiggers sug- 
gest, consistent with the exi)lanation offered above, that a local area of 
wealniess may cause significant loss in the development of intraventricu- 
lar prc.ssure. 

AURICUEAR WA\T:S 

The waves j)i‘oduccd by aui-ieular motioji are multiple and of small 
amplitude. If the waves arc graphically correlated Avith ventricular and 
vascular waves (Fig. 4), a definite .scf|ucnce in their relation to ven- 
tricular and vascular waves is observed, which is constant not only in 
the same subject in different segments, in successive beat.s, and on 
difiVi-ent days, but in diiTerent subjects as well. 

The left auricle is re])re.sented in the kymogram only by the auricular 
ai»])endix which most often occupies Imt one .segment, and the motion of 
the left auricle is therefore not well reflected, cxcei)t in pathological 
dilatation in mitral disease. 

The right auricular motion is far moi'e constant, and there are typical 
waves over this portion of the cardiac contour. The infonnation gh’en 
by these waves is the same as may be obtained from auricular pressure 
records in animals and jugular pulse ti'aeings in man. 

The fii-st of the auricular waves a])pear.s as an inthrust terminating 
at the peak of the ventricular wave immediately preceding the onset of 
systole. It is simultaneous with the P-wave of the electrocardiogram 
(Fig. 4) and represents auricular sy.st ole. Its onset comes at about the 
peak of the P-wavc and the duration varies from 0.08 to 0.12 sec. (a). 

Tile second wave betrins as a sharp out thrust with the onset of the 
isometric vibration complex of the A-entrieular Avave Avhicb is simultanc- 
ons Avith the fii-st heart sound. This avoa’c is due to a reflection of ven- 
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triculai* events. This outward motion in early systole corresponds to 
the abrupt rise in auricular pressure at the onset of the ventricular con- 
traction which is due to back ]3ressure from the ventricle in the closure 
of the atrioventricular valve. The immediately succeeding fall in auric- 
ular volume parallels a reduction in auricular pressure which "Wiggers 
ascribes to a descent of the base of the ventricle, the brusque auricular 
traction reducing the pressure (e). 

Following this inward thrast the auricle gradually increases in 
volume for the remainder of ventricular systole, as a result of inflow 
from the great veins. With closure of the semilunar valves, as indicated 
by the aortic ineisura and ventricular serration corresponding to the 
second heart sound and the opening of the A-V valve, the auricular 
volume decreases sharply, corresponding to the rapid inflow phase into 
the ventricle (v) . 

The upper portion of the right cardiac contour is formed in the 
majority of eases in the young, not by the ascending arch of the aorta, 
but by the vena cava. In clear records in which the waves of the vena 
cava have sufficient amplitude to be analyzed, tliey closely parallel the 
auricular waves, with a time delay of a few hundredths of a second, 
which may l)e progressivclj’’ traced, because of transmission of the im- 
pulse from the auricle up the vena cava (Fig. 18). The same three 
waves can be distinguished, and they form the a-, c-, and v-Avaves 
recorded in jugular pulse tracings. The kymogram thus confirms the 
now generally accepted interpretation of the origin of the c-Avavc of the 
jugular pulse, i.e., that it is due to transmission from the auricle and 
is not, as MacKenzie originally believed, a parasitic wave reflected from 
the carotid artery by reason of the close apposition of the jugular vein 
and carotid artery. 

VASCULAR WAVES 

The aortic wave consists of a sharp outthrust commencing simultane- 
ously with the beginning of the systolic limb of the ventricular wave, 
succeeded by a blunt peak Avhose retraction terminates in the incisural 
notch. The onset of ejection is marked not only by the outthrust of 
the aortic wave, but a coincidental sharp increase in density of the 
aortic shadow as well. The time from beginning aortic outthrust to 
the depth of the incisural notch forms a convenient measure of the 
duration of ejection since it represents the time from the opening to 
the closure of the semilunar valves. There is a .slight rebound from the 
depth of the incisural notch after which a gradual recession of the 
aortic wave takes place throughout diastole. Correlation with the elec- 
trocardiogram (Fig. 4) shows tliat tlic QRS complex is completed a few 
hundredths of a second before the onset of ejection, as evidenced by 
the Ijcginning aoitic outthrust. 
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The end of the T-wave closely approximates the incisnra, but tlic cor- 
relation is not precise., as it may either ]>recccle or follow it by 0.03 sec. 
in the same subject. 

The aortic wave ])eai’s a striking resemblance to arterial pressure 
curves, and the changes in aortic volume represent, in fact, changes in 
lateral arterial pressure, although giving no information as to the 
absolute magnitude of the aortic i)res.sure. It is really the same as a 
subclavian sphygmographic tracing whicli also I'ccords changes in 
arterial volume as a measure of pre.ssurc changes throughout the cycle, 



Imk. L"). — Kytnognuii of a case of aortic in.suniciency. Note the IiIbIi peak of the 
••■'■confl .'•ound wave at the ba.se of the diastolic limb of the ventricular wave and the 
lahnary collapse of the aortic wave. 


but the kymogram iiossesses the advantage over the s])hygmogram of 
being a direct and not an indirect method of registration. 

The amplitude of the aortic wave, usually of the order of 0.5 cm,, 
may thus be taken as a measure of lateral tirterial ]nil.se pressure pro- 
vided that arterial elasticity is unchanged. The aortic wave jirovidcs a 
measure, in the same manner, of arterial elasticity, based on the ex- 
cursion of tile aortic wave per unit change in pressure, although (juanti- 
tative application of this jirinciple would fu-st necessitate thorough 
standardization. A gross illustration of diminished arterial cla.stieity 
reve.'ilcd in the aortic wave may, however, be seen in Fig, 10, No. 3, 
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where, despite a large pulse pressure associated with aortic insufficiency, 
the aortic wave is of very low amplitude. In this case there were 
sclerosis and calcification of the aortic arcus. 

The waves of the ascending and descending aorta differ both in time 
relationships and in form. There is a measurable time delay between 
the beginning outthrust of the ascending and the descending arches of 
the aorta, averaging 0.03 sec., wliich is due to transmission of the pulse 



Pie. 16. — ^\'entricular and aortic waves in aortic insuffleiency. These tracings 
reproduce tlie aortic and ventricular waves of several cases of aortic vahnilar 
disease. Definite changes in the aortic curve may take place in aortic insufficiency. 
The amplitude of the wave is greatly increased corresponding to the increase in 
pulse pressure. In contrast to the gi-adual retraction succeeding the peak, interrupted 
by a moderate incisural notch, which is seen in normal cases, the retraction suc- 
ceeding the peak is greatly accentuated so that there is almost complete incisural 
collapse of the wave, and the aortic pressure is not sustained, being not much higher 
at the end than at the beginning of ejection. These changes are much more pro- 
nounced in the ascending Gian in the descending aorta. If the regui*gitation is not 
severe the aortic wave approaches closely to normal. The amplitude of the ven- 
tricular waves are exaggerated in aortic insufficiency. This represents the increased 
systolic output of the left ventricle necessary in aortic insufficiency to maintain a 
normal circulating minute volume. 



t>E^ OOPTFV 
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Fig. 17.— Tracing 5 shows the aortic and ventricular waves of a case of well- 
marked aortic stenosis (80/60). The waves are in striking contrast to those seen in 
aortic insufficiency. The outthrust of the aortic wave is very slow and gradual 
with aUainment of a late peak because of the reduced rate of ejection. The svstolic 
'yj^tricular wave likewise is slower than normal, and the amplitude of 
the ventricular wave is considerably less than in aortic insuffleienev. These observa- 

findings in experimentally produced aortic stenosis using intraven- 
tricular and aortic pressure curr’es. iiiLid.ven 


wave. The distance between the two points of measurement is about 
6 inches. This would give a velocity in the aorta of about 17 feet per 
second, which is of the same order of velocity as is found in determi- 
nations by subclavian and femoral sphygmograms. The range of error 
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over tliis short segment is so gre.Tt, however, that at best only a crude 
indication o£ actual pulse wave velocity is obtained by this method. 

Not only is there a time delay from tlie ascending to the descending 
aorta but the form of the wave changes. In the descending arch of the 
aorta the aortic pressure rises steeply with the onset of ejection, the 
rate or rise gradually diminishing Avith attainment of a peak at about 
midsystole. The cuiwe then falls slowly with an appreciable retraction 
at the end of the ejection, Avhieh is halted by closure of the semilunar 
valves. In the ascending aorta the initial rise with the onset of ejection 
is much moi*e abrupt and is practically linear. A sharp ])eak is attained 
within a few hundredths of a second in contrast to the blunted peak 
later in point of time in the descending aorta. The retraction succeed- 
ing the peak is much greater, but there is little rebound, so that the 
ineisural notch is not usually as well mai’ked. 

Definite changes in the aortic curve may take place in aortic stenosis 
and insufficiency. In Figs. 16 and 17 arc reproduced the aortic and 
ventricular Avaves of several cases of aortic valvular disease. In aoidic 
insufficiency the amplitude of the avoa’c is greatly increased, commen- 
surate Avith the increase in pulse pi'e.ssurc. In contrast to the gradual 
retraction succeeding the peak, interrupted by a modei’ate ineisural 
notch, as seen normally, the retraction succeeding the peak is greatly 
accentuated so that there is almost complete collapse of aa^vc. The 
aortic pressure is not sustained, being not much higher at the end than 
at the beginning of ejection. These changes arc much more pronounced 
in the ascending than in the descending aorta. If the regurgitation is 
not scA'cre, the aortic wave apj)roaehes closely to normal. 

Tracing 5 of Fig. 17 sIioaas the aortic and ve7ilricular Avaves of a case 
of AA^ell-marked aortic stenosis (blood pressure 80/60). The avoa'cs are 
in striking contrast to those seen in aortic insufficiency. The outthrust 
of the aortic Avavc is very sIoav and gradual, with attainmcjit of a late 
peak because of the reduced rate of ejection. The .sy.stolic limb of the 
ventricular avra'c likcAvise is slower than normal, and the amplitude of 
the ventriculai’ Avave is considerably less than in aortic in.sufficienc}’. 
Katz, Ealli, and Cheer,® using intraA'cntrieular and aortic pressure 
curves, in cxtmnmentally produced aortic .stenosis, haA'c similai’ly demon- 
strated a reduced rate of .systolic discharge. 

The kymogra]>hic Avave of the ])ulmonary artery is the only means 
available at present for recording the inilmonary arterial pul.se Avave. 
The Avave I'csembles the aortic aatia'c in all essential details. The inei.sura 
is more xjrominent than in the descending aorta. 

Comparison of aortic and pulmonary arteilal avra’cs affords a method 
for studying asynchronism in the ejection ])ha.scs of the tAvo ventricles, 
the time of ejection being estimated from the beginning expansion of 
the A'c.ssel to the depth of the inei.sura. Hecause of the delay in trans- 
mission of the pul.se aa-ra’c from a.scending to descending aorta, only the 



431 


hissoh ACT gubnee: boentgeskyaiogkapht 

aortic knob assuming a time delay of 0.010 to O.UiD 

““mc I stars tke times of onset and duration of ejection of right and 
,e“rLles in thirty normal individuals. It appears from these 


Table I 

ASVKCUSOKISM m Ousm aed 

TRiCLES, Estimated Prom Ascendiag Aortic and ellmu* 
^ ■prrr.ST'. XVaVVES 


1. Aorta 
P. A.* 

2. Aorta 

P. A. 

3. Aorta 

P. A. 


TIME OP ONSET 
OP EJECTION 
(SEC.) 

(prom start 
OP record) 


0.2S 

0.30 


& 


4. Aorta 
P. A. 

0 . Aorta 
P. A. 

G. Aorta 
P. A. 

7. Aorta 
P. A, 

8. Aorta 
P. A. 

9. Aorta 
P. A. 

10. Aorta 
P. A. 

11. Aorta 
P. A. 

12. Aorta 
P. A. 

13. Aorta 
P. A. 

14. Aorta 
P. A. 

15. Aorta 
P. A. 


0.67 

0.70 

0.54 

0.57 

0.38 

0.40 

0.18 

0.22 

0.20 

0.23 

0.29 

0.34 

0.83 

0.89 

0.92 

0.94 

0.20 

0.22 

0.43 

0.47 

0.40 

0.42 


DTJRA.TION OP 
EJECTION 
(SEC.) 

CL24 

0.26 

0.21 

0.24 

0.25 

0.26 

0.22 

0.26 

0.19 

0.20 

0.20 

0.23 

0.21 

0.21 


0.18 

0.18 


0.26 

0.24 

0.25 

0.24 

0.20 

0.19 


TIME OP ONSET 
OP EJECTION 
(SEC.) 


16. 

0.06 

0.11 

17. 

0.25 

0.29 

IS. 

0.34 

0.37 

19. 

20. 

0.33 

0.33 

21. 

0.12 

0.15 

22. 

0.52 

0.51 

23. 

0.19 

0.22 

24. 

0.66 

0.71 

25. 

0.67 

0.70 

26. 

0.48 

0.53 

27. 

0.15 

0.21 

28. 

0.16 

0.21 

29. 

0.53 

0.55 

30. 

0.56 

0.52 


duration op 

EJECTION 

(SEC.) 

0^23 

0.25 

0.23 

0.21 

0.23 

0.21 

0.18 

0.19 

0.27 

0.26 

0.25 

0.23 

0.21 

0.24 

0.17 

0.18 

0.19 

0.19 


0.22 

0.23 

0.21 

0.25 


0.23 

0.27 

0.18 

0.24 


*P. A., pulmonary arterj-. 


rccoi'd.s that neither the onset nor the duration of ejection of the two 
ventricles is necessarily simultaneous. The duration of ejection was the 
same in eleven out of twenty-four cases, ivithin the limits of precision 
(0.02 sec.). In the remaining thirteen the duration of ejection was 
longer in the right ventricle in nine and in the left ventricle in four. 
In all four of these cases the left- ventricle outlasted the right hy 0.02 
sec. The right ventricle outlasted the left hy 0.02 sec. in two cases, 
0.03 .sec. in three eases, 0.04 see. in three cases and 0.06 see. in one ease. 
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Katz/ in an experimental study of asynclironism in dogs, likewise 
found the right ventricular systole to outlast the left in the majority 
of cases. The range of variability in his series was 0.04 sec. for those 
eases of greater duration of left ventricular ejection and 0.07 sec. for 
cases with greater duration of right ventricular ejection. 

In contrast, however, to the inconstant relation in ])recedenee of 
ejection, reported by Katz, the Icjunographic studies would show that 
the onset of ejection regularly occurs eaidier in the left than in the 
right ventricle. In none of twenty-eight cases aiialyzed did right ven- 
tricular ejection precede left, and in twenty-six the on.set of ejection 



I^jp. 18. — Kymogmphic w.'ive.s in a normal heart before (/ and 2), and twenty- 
four hours after (.1). dioitalization. Tlie \vfive.s at tlie loft represent tho movement 
of the v.arious chambers before dlRritatl.s, in two examinations, one day apart, of the 
same subject. At the right, tlie lower wave (.1) repre.sent.s the movement of llio 
chamlior.s twenty-four hour:: .after ditritalis. IVavc /, tiie normal, i.s repe.ated for 
comp;irl.son. 


occurred etirlier in the left ventricle, ranging from 0.02 to O.Oii .sec. and 
averaging 0.035 .sec. If the onset of the contraelile process is simultane- 
ous in both ventricle's, this priority of left ventricular ejection can only 
mean that the isometric, or ])re.sphygmie, period of systole is short cr 
for the left than for the right ventricle. Apparently the greater mass 
of left ventricular musculature more than compensates for the greater 
pre.ssurc that must be attained isoinefrically in the left ventricle before 
the opening of the semilunar valves and onset of ejection. 



hirsch and GUBNER : roentgenkymographa 

The effect of digitalization on the duration of ejection and the ampli- 
tude of motion of the kymographic waves in four normal hearts is 
summarized in Table 11. No consistent effect was noted. Stewart and 
Cohn^'’ found a reduction of 9 per cent in cardiac area, in investigating 
the effect of digitalis on normal hearts, and a decrease in systolic out- 
put, varying from 8 per cent to 30 per cent and averaging 20 per cent. 

Table II 


Effect OF Digitalis on Ajiplitude op Kymographic Waves and on Duration of 

Ejection in Pour Nop.mal Hearts 




AMPLITUDE 


DURATION OF EJECTION 
(SEC.) 


L. 

DESC. 

R. 

PUL. 

DESC. 

PUL. 


VENT, 

AORTA 

VENT. 

ARTERY 

AORTA 

ARTERY 

Bat. 

Control 3. 

5.0 mm. 

/ 

15 

mm. X 4 

A 

12 

\ 

14 

0.24 

0.27 

Control 2 

0.0 

10 

16 

17 

0.24 

0.27 

Digitalis — 




20 

0.24 

0.26 

24 hr. 

6.0 

24 

17 

48 hr. 

5.9 

17 

— — 

20 

0.22 

0.25 

120 hr. 

5,6 

14 

15 

18 

0.28 

0.25 

Dec. 







Control 1 

4.5 

10 

11(?) 

21 

0.22 

0.22 

Control 2 

4.5 

10 

12(?) 

14 

1 


Digitalis — 




20 



24 hr. 

3.3 

12 


0.22 

48 hr. 

3-7 

10 

... 

13 

0.21 


120 hr. 

— 

16 

— 

19 

0.22 

IHEIB 

Hose 







Control 1 

0.0 

14 


19 

0.20 

0.24 

Control 2 

5.5 

14 

14 





Digitalis — 







24 hr. 

0.9 

10 

16(?) 

19 

0.23 

0.2S 

48 hr. 

0.0 

12 

21 

18 



120 hr. 

6.8 

14 

17 

30(?) 

0.23 

0.27 

Gre. 







Control 1 

4.7 

11 

20 

30 



Control 2 

4.7 

12 

24 

24 

0.20 

0.38 

Digitalis — 






24 hr. 

5.8 

10 

22 

32 


0.32 

48 hr. 

5.8 

14 

21 

26 

__ 

(about) 0:36 

120 lir. 

0.1 

14 

20 

27 

0.27 

0.27 


determined by the acetylene method. Tlie heart rate was slowed from 
four to fourteen beats. The maximum effects were obtained within 
twentj^-four liours. Apiiarently tliese changes are not associated with 
anj significant alteiation in cardiac movement. Fig. 18 shows a graphic 
record of one of these cases. Tliese tracings illustrate, also, the con- 
stancy of the kymographic waves in the same subject at different times. 


SUMMARY 

Roentgenkymography records the movements of the heart and great 
vessels and is to be included among the methods of graphic registration 
of the cardiac cycle in man. 
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All the phenomena recorded kymographically conform readily to 
pliysiological interpretation, the information afforded by tlic ventricular, 
aortic, and auricular waves being the same as is obtained experimcnlally 
with the myoeardiograph, arterial sphygmograms and jugular ])ulse 
tracings, respectively. On the basis of coi’rclation with the electro- 
cardiograms and heart sounds, the Avaves may be assigned to specific 
events in the cardiac cycle, and, by correlating these Avaves graphically, 
the sequence of events in the cardiac cycle may be accuratel.y studied, 
AAuth a time resolution of 0.02 see. 

The findings serA-e in the main to corroborate relationships determined 
by animal inA'estigations. The kymographie method, in addition, sheds 
light on a number of interesting aspects of the cardiac cycle. Thus, it 
is the only method available for obtaining in man a gi’aphic registration 
of occurrences in the pulmonaiy circuit. 

Asynchronism in ejection of the tAvo ventricles is studied by compar- 
ing aortic and pulmonary arteiy AvaA'es. 

Physiological aortic regurgitation is demonstrated. 

The changes in mitral and aoilie A-alvular disease are shoAvn, and a 
dynamic interpretation of these changes is given. 

The effect of digitalization on the duration of ejection and movement 
is considered. 
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THE BELATIONSHIP OP TACHYCARDIA TO CARDIAC 

INSUPPICIENCY't 

Drew Luten, M.D. 

St. Louis, Mo. 

I N EXPLAINING the common association of tachycardia with cardiac 
insufficiency, the acceleration usually has been regarded as a cause 
of the insufficiency. Although this explanation now is applied more 
especially to cases with auilcular fibrillation, before recent data re- 
ferring congestive heart failure to other causes became available, it 
was employed quite generallj". Usually no particular explanation of 
the acceleration itself has been offered. Whether or not there is valid 
ground for the assumption that fast beating causes heart failure, how- 
ever, there is indubitable evidence to show that myocardial failure is 
a prominent cause of acceleration. 

REFLEX ADJUSTMENT OF SINUS RATE TO OTHER FACTORS IN 

THE CIRCULATION 

It is known that the various factors in the circulation tend to be 
maintained in proper balance by reflex adjustments. Primary change 
in ventricular rate tends to bring compensatory change in the systolic 
discharge and in blood pressure. Commrsely, primary change in blood 
pressure, from variation in the arterial bed or in ventricular output, 
produces reciprocal effect in sinus rate. 

Under the title, “Physiologic Meaning of Common Clinical Signs 
and Symptoms in Cardiovascular Disease,” Wiggers^ says that “when 
arterial pressures fall, due to primary vasodilatation or to diminished 
cardiac output, the heart accelerates and strives to restore arterial 
pressures to normal.” He reminds us of the pathways involved in this 
reflex acceleration, one over the afferent branches of the vagus from 
the root of the aorta, and the other through the so-called sinus nerve 
which is distributed solely to the carotid sinus, a reflex pathway 
exhaustively studied by Weiss and Baker. - 

Tachycardia in Peripheral Circulatory Ins2ifficiency . — It is beginning 
to be appreciated that this reflex mechanism is responsible for the tachy- 
cardia that usually accompanies failure of the peripheral circulation. 
In a recent publication Warfield^ directs timely attention to this fact 
and rem inds us that in such circumstances therapeutic effort must be 

U„l,erslty School of Mofflctoe. 
tReacI before the American Heart Association, May 12, 193G 

4.35 
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directed not toward slowing the heart but toward improvement of the 
adverse factors in the peripheral circulation, of which tachycardia is 
but a physiological result. 

Tachycardia in Circulatory Insufficiency of Cardiac Origin . — The 
same physiological response in heart rate is brought about also iu 
eases of circulatory failure with normal rhythm in which the heart 
rather than the arterial bed is primarily at fault. The matter is ex- 
pressed clearly by Wiggers: 

The . . . compen.<5atory type of cardiac acceleration is produced through 
the.se reflex inechani.sms not only when peripheral vasodilatation exists hut 
also when the .systolic discharge of the heart is reduced. Shock and 
hemorrhage are two clinical conditions in which such a reduced output and 
compensatory acceleration obtain. But it is not so generally a])preciated 
that the same reflex mechani.sms operate when ventricular discharge is 
reduced as a result of myocardial failure and that the tachycardia which 
is so characteri.stically pre.«ent is nature’s only method of maintaining 
an etfective circulation. 

With the acceleration which nature institutes in a failing circula- 
tion, both phases of the cardiac cycle are shortened ; and, as Lewis 
has emphasized, the le.ssening of the diastolic phase is proportionately 
greater than that of the phase of systole. The rest period is curtailed. 
Other circumstances also bear upon the woi'k of the muscle. It re- 
ceives less blood to expel. With each beat its work is le.ss. Whether 
fast or slow, hoAvever, Avith each contraction it uses up its energy and 
then accumulates another supply. The term “cardiac reseiwc" ap- 
plies not to a holding back in .sy.stole but to an ability to increase its 
use of aA'ailable energy. One of its very means of putting its reseiwe 
capacity into use Avhen called for is by acceleration — not a harmful 
but a useful process. With a rate too high for proper adjustment, 
diminution in output may embarrass the general circulation, but 
damage applies primarily not to the heart. This compensatory ac- 
celeration is described by Wiggers as folloAA’S: 

Dynamic studies liave sliown that the faster the lieart beats, tlie more 
the period of diastolic filling i.s cut short and the more the systolic di.«- 
charge is decreased. However, calculations show that this decrease is more 
than compensated by the cardiac rate, up to 1200 per minute, so that the 
minute output steadily becomes greater. 

It is obvious that this this compensatory acreleralion must not l>o dis- 
turbed. To do so would eau.se a drop in blood pressure sufiicient, perhaps, 
to endanger life itself. Fortunately there ifl no medicinal agent by 
which a compensatory sinus tachycardia can easily be abolished; olherwi.se 
many a patient with serirms heart disease would have l>een helped pre- 
maturely to his gnive through kindly intentioned but misguided treat - 
ment. 
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HEART FAILURE AND THE THERAPEUTIC ACTION OF DIGITALIS 

Wiggers" statement concerning misdirected attempts primarily to 
sloAY compensatory sinns tachycardia applies particnlarly to former 
notions of the harmful effects of acceleration upon the heart and to 
the use of digitalis primarily to reduce it. 

More recent investigations relate heart failure not to the using of 
its available energy but to agents -whieli imiiair the ability of the 
muscle to do that very thing. Infection, strain, and diminished blood 
supply particularly are involved. Such agents lessen the efficiency of 
the muscle by causing it to be less economical in transforming energ}’^ 
into work. It is now recognized that in congestive heart failure the 
efficiency of the ventricle is improved by the direct action of digitalis 
upon the muscle. Greater economy results. In a recent publication 
of great importance, Peters and Visscher” report their studies on 
“The Energy Metabolism of the Heart in Failure and the Influence of 
Drugs Upon It.” Thej’- saj^: 

Our main, object in tlie study of the digitalis series of glucosides lias 
been to determine ^Yllethcr they do or do not increase the efficiency with 
which the heart muscle is able to perform work. In every instance, among 
the clinically useful glucosides employed, there was an unmistakable in- 
crease in efficiency. . . . These drugs make the heart more economical 
in its utilization of euerg)* and arc therefore conservative in their effect. 

The Bclationship of the Effect of Digitalis to Sinus Slowing . — This 
therapeutic effect of digitalis directly upon the muscle of the ventricle, 
questioned b}’- Mackenzie, was denied by Sir Thomas Lewis. Lewis 
insisted that the favorable action of the drug was to be attributed 
solely to its ability to reduce ventricular rate — a result obtained only 
in cases of auricular fibrillation. Sutherland and others, however, 
observing benefit in normal rhythm cases, administered the drug in 
normal rhjdihm also, with the object of slowing the rate. 

Accumulated evidence that in congestive heart failure digitalis pos- 
sesses a beneficial action unrelated to slowing finally became conclu- 
sive. It is known now that this action of the drug is exerted directly 
on the ventricular muscle. In normal rhythm cases, moreover, authori- 
ties now agree that improvement is due to this muscular action alone. 
They find that therapeutic doses produce little direct effect at the 
pacemaker but that, in eases with acceleration, slowing is an indirect 
effect which follows the improvement in the circulation produced by 
the action of digitalis ux)on the muscle of the ventricle.^’ s "W^ith 
better circulation physiological mechanisms produce a reciprocal adap- 
tation of rate. Tachycardia subsides. Just as acceleration results 
from impairment, so slowing results from improvement. Both are im- 
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portant indices of eireiilatory efficiency. Tachycardia may suggest 
that tlie eii’cnlation needs help; slowing indicates that appropriate 
measures have been effective. 

In cardiac insufficiency with normal sinus rhythm, acceleration is 
not the cause of the failure; it is a physiological result. Primary 
.slowing is not a proper therapeutic objective and is not a direct effect 
of digitalis. Improvement in muscular efficiency by digitalis or other 
agents results in subsequent slowing — a reflex adjustment in rate. 

TACHYa\JRmAS OF ABXORHAE RHYTHMS 

With regal'd to abnormal rhythms it is evident that neither in origin 
nor in abatement do they represent compensatory adjustment of rale 
to other circulatory influences. Adaptatimi in other components of 
the circulation must be made, if possible, to meet the rale of the 
ectopic rhythm. As noted above, with sinus rates up to about 200 per 
minute, the circulation remains aderjuate, but in certain abnormal 
rhythms special factors obtain. 

A. Auricular Flutter . — In auricular flutter tlie efficiene}' of the ven- 
tricular beat is lessened in some degree by the absence of auricular 
systole. Authorities differ someudiat regarding flic extent of the cir- 
culatory impairment so produced. In t])e unusual instances of 1 to 1 
ventricular response, the rate of the ventricle exceeds the upper limit 
at which compensatory adaptation in output can be accomplished. 
Blood pressure falls. The circulation is inadequate, and measures de- 
signed primarily to abolish the abnormal tachycardia may become in 
order. 

B. Independent Ventricular Hhythms . — In ventricular tachycardia 
also the ventricle is deprived of the mechanical advantage of a pre- 
ceding auricular sy.stole. The i-ate usually is at about the upper limit 
at which adequate circulation can be maintained. In some cases the 
tachycardia itself thus may be a handicap, but a circumstance of much 
greater significance regularh' obtains. The ectopic origin of the stim- 
uli causes the muscular elements to be activated in abnormal sequence. 
The resulting contractions of the ventricular segments are much less 
efficient in expelling blood than is the concerted arrangement of nor- 
mal systole. It is chiefly to this abnormal sequence of muscular con- 
traction rather than to the high rate of beating or to the failure of 
auricular aid that circulatory in.sufficiency is to be attributed.' Pri- 
mary efforts in such cases properly may be directed toward the res- 
toration of normal rhythm. 

C. Auricular Fibrillation . — In auricular fibrillation the excitatory 
impulses flow into the ventricular .segments along normal paths; .systole 
thus is .spared the embarrassment that applies to independent ventrien- 
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]ar rliytlims. It is, liowever, deprived of tlie lielp normally supplied 
by auricular systole. In most clinical cases of fibrillation tbe minute 
rate of tbe ventricle is well below tbe criticaLpbysiological limit. But 
in many instances tbe fractional rate is too bigb, so that in cases with 
great acceleration tbe tacbycardia itself maj'- be somewhat disadvan- 
tageous Avitb respect to optimum circulation. Certainly it would be 
desirable to abolish such an abnormal rhythm however slight might 
be its adverse circulatory effects, provided its cessation could be ac- 
complished with reasonable prospect of permanence, and with mini- 
mum danger. The history of the disappointing use of quinidine in 
unselected eases of fibrillation need not be recited. In cases of heart 
failure with auricular fibrillation it is seldom possible to maintain nor- 
mal rhythm by quinidine or other means. 

As an alternative procedure, a proper reduction of ventricular rate 
in cases with excessive taeliycardia obAdouslj^ would be desirable for 
the general circiilation. But in the average case with acceleration of 
lesser degree, less advantage would appear to accrue from priraaiy 
reduction in rate, even if possible of accomplishment. For a long time, 
however, digitalis has been employed primarily with this objective. 
More recent information of the causes of heart failure and of the 
therapeutic action of the drug, and later data regarding the origin of 
fibrillation itself, now appear to nece.ssitate a reexamination of this 
time-honored use of digitalis. 

The Origin of Auricular Fibrillation . — Contraiy to Lewis’s dictum 
that persistent fibrillation means disease of the ventricular muscle, 
authorities now realize that no such interpretation is warranted.’^”- 
In a recent study of 431 consecutive cases of the arrhythmia from the 
records of the Barnes Hospital, Dr. E. 0. Jeffreys and found no 
suspicion of ventricular disease in forty-two cases. Auricular fibrilla- 
tion is to be referred to the auricle. As precipitating factors, nervous 
influences and toxic agents have long been recognized. Later studies 
of the origin of clinical auricular fibrillation strongly .suggest tliat in 
many instances a prominent precipitating factor is increase in intra- 
auricular pressure. In our series Dr. Jeffreys and I noted the usual 
findings, that mitral valve lesions Avere present in about one-third of 
the cases and that conge,stive heart failure was present in about two- 
thirds. 


That stretching of the auricular wall from the increased pressure 
of congestive heart failure is a frequent factor in the origin of fibril- 
lation is no mnv eonoeption. It is supported by experimental data 
and by a rapidly increasing amount of clinical evidence. Congestive 
lieart failure is so common a precipitating factor that, in any case in 
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Avhieli no otlier cause appears more probable, it should be suspected. 
In the excellent study recently made by Nahum and Hoff*’ those 
authors say: 

AMien lieart failure mth auricular distention and venous engorgement 
occurs, the stretcli of the auricle may contribute the necessarj- stimulus 
(E) •n'hich, ■when in association ■with vagus overactivity, precipitates 
auricular fibrillation. It thus becomes clear why this irregularity is so 
often associated ^vith heart failure, being rightly regarded as an important 
evidence of the existence of heart failure. 

All in all, in the average ease of congestive failure and auricular 
fibrillation the probability increases that it is not the fibrillation which 
has caused the failure, but the failure which has caused the fibrilla- 
tion. In many cases of heart failure observed over a period of time, 
the fibrillation is known to be secondary. 

Differentiation of Cases With Bcgard to the Slowing Effect of Digi- 
talis. — It is significant that in toxic eases of auricular fibrillation with- 
out heart failure, digitalis produces no .slowing. In his classic treatise 
(1910), Mackenzie^® said: 

Moreover, when the heart is alTectcd by agents whicli increase its excita- 
bility, the digitalis has little effect upon the rate, whether there is 
auricular fibrillation or whether the rhjdhm is normal. . . . This failure of 
effect is also evident in conditions tvhere the heart is affected by poisoms. 

... A modification in the susceptibility to digitalis is also produced by 
certain changes in the cardiac muscle. 

Although the experience of physicians generally has made tliem aware 
of this fact, they appear more or less to have disregarded it. 

Still another fact of perhaps greater import appears not to Itave been 
so generally appreciated. Not only in toxic cases but regularly in cases 
of fibrillation unassociated with heart failure, the therapeutic adminis- 
tration of digitalis is without sloAving effect. We divided our cases on the 
basis of congestive heart failure. In the group without heart failure were 
put only eases in which there was no suspicion of failure. There were 
97 in this group. In 47 of these cases without heart failure digitalis 
was administered, but in no instance did the record give evidence of 
a slowing effect on the pulse. It is possible, of course, that upon some 
occasion pulse records might have failed to i-eflect ventricular slowing, 
but it is extremely improbable that this could have obtained in many 
instances. 

Determination of Rate. — In auricular fibrillation the ventricular rate 
is determined by the number of fibrillaxw impulses which evoke con- 
tractions of the muscle. Impulses which are not followed by contrac- 
tions either fail to reach the ventricle, or. reaching it. find it unre- 
sponsive. In clinical explanations of any failure of ventricular 
response, it has been customary to give consideration to conductivity 
but to leave altogether out of account the matter of ventricular excita- 
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bility.- Physiological mvestigation, however, finds the matter not so 
simple. Erlanger^^ holds that certain stimuli may reach the ventricle 
but find it unresponsive. He gives consideration to diminished excita- 
bility as an important factor in so-called A-V block. In normal 
rhythm, the P-R interval measures the time elapsing between the be- 
ginning of auricular activity and the recorded beginning of ventricu- 
lar response. It cannot be regarded as a measurement of transmission 
time alone. The degree of ventricular excitability may be a factor as 
truly as the degree of conductivity. Sharp differentiation, in fact, 
between the ultimate fibers of the bundle and the rest of the muscula- 
ture is impossible. They become an indistinguishable ivliole. Physio- 
logical evidence is to the effect that excitability and conductivity vary 
together. 

It is knovTi that as the ventricular rate falls irritability in- 
creases,^*"’ and that with improvement it diminishes again. Manj’’ 
years ago Cushny and his eoworkers^" took this fact into account in 
explaining the slowing effect of digitalis in cases of heart failure with 
fibrillation. In congestive failure digitalis appears to lessen both con- 
ductivity and irritability, if indeed they can be regarded as separate 
properties. At least it is known to lessen ventricular irritability/^ 
which is more readily susceptible of separate measurement. It is sig- 
nificant that in fibrillation digitalis slowing occurs only in cases of 
heart failure, i.e., under circumstances in which muscular improvement 
regularly follows from the direct action of the drug, an elfect which 
renders the muscle less susceptible to smaller fibrillaiy stimuli. 

In explaining the block-producing effect of digitalis, attention has 
been centered too much on the A-V tissues, too little on the muscle of 
the ventricle. In the light of the demonstrated effect of the drug on 
the musculature, it appears illogical not to take this action prominently 
into accomit in explaining the lessening of ventricular response from 
digitalis in cases of auricular fibrillation with heart failure. 

SUaiMARY 

The various elements of the circulation are subject to reflex varia- 
tion. B.y reciprocal adjustments balance tends tb be maintained 
despite disorder in one component. 

Primary impairmeiit of the peripheral circulation or of cardiac out- 
put produces reflex acceleration of sinus heart rate. Compensatory 
tachycardia is physiological, not harmful. Its primary abatement is 
not a proper therapeutic objective. Improvement is followed by re- 
verse .slowing. Converselj-, primary acceleration of rate tends to 
induce compensatory adjustment in blood pressure, and in systolic 

discharge. With sinus rates nearly as high as 200, tlie circulation 
remains adequate. 
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Abnormal rliythms are not subject to reflex compensatory adjust- 
ment in rate. Certain special features, also, may affect tl)e circula- 
tion advei*sely. 

In auricular fibrillation the ventideular rate appears to depend 
largely upon the state of the ventricular muscle. This arrhythmia 
frequently occurs in congestive heart failure. Under such circum- 
stances reductioii in rate follows improvement in the muscle, from 
digitalis or from other cause. In cases of fibrillation without heart 
failure the muscular effect of digitalis is not beneficial; in such in- 
stances administration of the drug is not followed by slowing. In 
auricular fibrillation, as in normal j'hythm. abatement of tachycardia 
appears not to be the cause of improvement but to be the re.sult of it. 
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THE DIPPEKENTIAL DIAGNOSIS OP CONGBSTIYE HEART 
PAILURE AND CONSTRICTIVE PERICARDITIS 
(PICK’S DISEASE 

Howard B. Sprague, H.D. 

Boston, Mass. 

I N A symposium on cardiac insufficiency it seems appropriate that there 
be included a description of an important s^mdrome that produces a 
picture in many respects similar to that of congestive failure but in 
which the mechanism is entirely different and not dependent upon the 
failure of the heart as a pump. This syndi'omc is the one due to acute, 
subacute, and chronic constrictive pericarditis. 

It is important that this be done for the reason that the therapy may 
be quite different from that of congestive failure and the prognosis, in 
suitable cases, is infinitely better. This lies in the fact that there is a 
specific treatment for many of these patients, namely, ]>aracentcsis in 
acute cases, and resection of the coiistricting pericardium in chronic 
cases, with marked or almost complete relief of symptoms in a large 
number. 

In acute or subacute pericardial inflammation with more or less rapid 
accumulation of effusion, the effects on the circulation are the results 
of cardiac tamponade, the collection of fluid — serous, sanguineou-s, or 
purulent^ — compressing the heart and preventing its dilatation to re- 
ceive the blood. In this sjmdrome all the signs may arise rapidly, and 
the patient appear to be suffering from marked peripheral venous dis- 
tention and enlarged liver combined with the signs of much diminished 
cardiac output. The accumulated fluid may increase the cardiac dull- 
ness considerably, but cardiac tamponade becomes extreme only when 
the stretching of the pericardium is unable to compensate for the re- 
duced diastolic volume of the heart. Such an event occurs in malignant 
or purulent pericarditis, either metastatic or from direct extension, in 
some eases of tuberculous effusion, rarely in rheumatic pericarditis, in 
cases of aneurysm rupturing into the pericardium, or rupture of the 
heart wall after coronary occlusion, and most characteristically in in- 
.■juiies to the heart from gunshot or stab wounds. In such cases the 
theiapeutie indication is clearly not the reduction of the compensator v 
venous hypertension by venesection but the relief of tlie pressure on 
the hea it bj iDaracentesis of the i)erieardiuin or by surgical exploration 

*Eead before the American Heart Association, Jlay 12. 1?86. 
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and drainage. By repeated tapi^ing some eases of inflamniatoiy effusion 
may be helped to subside to such a stage of chronieity tliat pericardial 
resection may be feasible. 

There still exi.sts in the minds of many physicians tlie belief that the 
diagnosis of chronic constrictive pericarditis is almost impossible and 
that there is little to be gained from it except a sense of diagnostic sat- 
isfaction on the part of the doctor. This belief originates in a confu- 
sion between tlie various types of pericardial disease, some of which 
merely complicate the pathologj- of an otherwise badly diseased heart 
in which the discovery of a concomitant pericardial involvement has 
little bearing upon treatment or prognosis. This is tnie in the case 
of the commonest example of pericardial inffammation — that due to the 
l)ancarditis of rheumatic infection. In this condition the myocardium 
and the heart valves are, so far as we can prove, almost universally 
involved. In sixty-two cases of acute rheumatic pericarditis studied 
at the House of the Good Samaritan in Boston for periods up to ten 
years after the acute attack, tlierc were only two cases which showed no 
clinical evidence of valvular deformity.^ In such cases it is clear that 
the knowledge that an adherent pericardium exists, as assumed from 
the history of the acute attack, adds nothing to the therapeutic or prog- 
nostic implications except to reinforce the belief that a severe carditis 
has occurred, since rheumatic pericarditis, certainly as a part of pan- 
carditis, does not cause Pick’s disease so far as is atte.sted by our e.x- 
perience. Furthermore, Avhen patients with rheumatic heart disease 
suffer from congestive failure, the degree of this that is attributable to 
a complicating adherent pericardium cannot be differentiated from that 
due to the myocardial insufficiency. Completely adliercnt pericardium 
of itself is frequently an unimportant finding and is found iii a con- 
siderable percentage of routine autopsies — 2.26 per cent of the cases in 
a series of 1,900 autopsies from the Itlassachusetts General Hosi)ital 
showed chronic pericarditis of some degree.* In most instances the.se 
pericardial scars and adhesions represent the historical mementoes of 
mild infections or perhaps the effects of the benign idio])athie pericar- 
ditis that not infi'cquently occurs and is probably not infrequently 
missed. It has not been proved that sucli infections, from which tlie 
patient apparently recovers completely, arc ever the cause of constrictive 
pericarditis appearing in later life. 

Pick’s disease, on the otiier hand, is a condition that is usually pro- 
gressive from the time of the original infection, and the inflamed peri- 
cardium in pas.sing into a subacute stage or in healing gradually thickens 
as it enfolds the heart in its incla.stic grip. Its etiology is unlniown, but 
in our experience it would appear to arise from a tuberculous infection 
or from the agent responsible for respiratorj' infections, such as in- 
fluenza and imeumonia. UaT’cly it follows septic pericarditi.s. Jlheu- 
matie infection has been outstandingly absent in our series. 
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DIAGNOSIS 

To arrive at a diagnosis of constrictive pericarditis it is nccessaij to 
be veiy critical of the evidences of congestive failiu*e which are often 
grouped indiscriminately without reference to the vital distinction be- 
tween right and left ventricular failure. In pure left ventricular failure 
the hypertension of the venous circuit predominates in the lungs, while 
in right ventricular failure it is most marked in the peripheral veins. 
Artificial as this rigid division may be in many cases of cardiac failure, 
it is fundamental in the diagnosis of all types of cardiac insufficiency. 
We may instance as pure left ventricular failure the smidrome of cardiac 
asthma and acute pulmonary edema in hypertensive lieart disease, and 
as pure right ventricular failure the dilatation of the right heart follow- 
ing complete embolic obstruction of the pulmonary artciy. But as a 
clinical picture in the terminal stages, hyjiertensive heart disease results 
in an added strain and hyiertrophj^ of the right heart from the back 
pressure in the lungs and the development of peripheral edema and in- 
creased venous pressure. Similarly, so well marked an example of 
pure right ventricular failure as that seen in mitral stenosis occurs as 
a response to the h:y'pcrtension in the lungs from the obstruction at the 
mitral valve so that there is increased venous pressure in both greater 
and lesser circuits. 

These examples are what the ‘ ‘ Criteria for the Classification and Diag- 
nosis of Heart Disease,” approved by the American Heart Association, 
describes as instances of cardiac insufficiency or “failure of the heart 
as a pump.” This implies failure of the heart to empty itself in the 
sense of a force pump. In the case of Pick’s disease there is primarily 
a failure of the heart to fill itself, or vdth the previous analogy, it can 
only be called ‘ ‘ failure of the heart as a pump ’ ’ if the heart is thought 
of as a suction pump. A rather similar condition actually exists in 
miti'al stenosis in which the emphasis of venous engorgement presents 
itself in the pulmonary circuit due to inability of the left ventricle to fill 
properly through the stenosed mitral vmlve. Disregarding the eventual 
defeat of the right ventricle with its failure to empty, one sees a small 
left ventricle discharging into the aorta all that it receives, and it is no 
more to be blamed for the ineffectiveness of the arterial circulation than 
is the whole heart in Pick’s disease. 

By such analogies vs e arrrie at the essential physiologj’ of eonstrictive 
pericarditis in which the heart chambei-s are fundamentally nomal but 
in which the blood is prevented from entering them either by adhesions 
about the exits of the venae cavae, or more often bv the fact that the 
chambers are hindered in their capacity to dilate and receive the blood 
because of the inelastic armor of the thickened pericardium. In mitral 
stenosis the vis a tergo helping to force blood through the valve is the 
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power of the riglit ventricle, plus the pulmonic hypertension. lu con- 
cretio cordis there is no mechanism to help fill tlic lieart except the 
eompensatoiy rise in peripheral venous pressure. 

Naturally enough tlie syndrome of chronic constrictive pericarditi.s 
can he simulated by other obstructions to venous inflow of the heart, such 
as tumors, emboli, or thrombi in the venae cavae or right auricle, or 
by narrowing of tlie tricuspid valve. Since tricuspid stenosis is prac- 
tically never seen without mitral stenosis, this does not enter into the 
differential diagnosis, provided mitral disease and its attendant ]nxl- 
monary congestion are evident. 

It follows, therefore, that the picture in Pick’s disease is one of 
marked distention of the peripheral veins with either absent or only 
relatively slight distention of the pulmonic vessels, and the signs and 
symptoms are in accord. The chief points arc these: 

1. The patient is usually a child or young adult. 

2. Ascites and enlarged liver ai)pearing insidiously are always pi'esenl 
and usually out of propoidion to the peripheral edema. 

3. The veins in the neck arc engorged, and the venous pressure in 
arms and legs is often over three times normal. Jloreover, the venous 
pressure remains constantly elevated, not fluctuating through periods of 
improvement or regression as it does in congestive heart failure. (The 
ascites alone may increase the femoral venous pre.ssurc considerably, and 
the pressure will be reduced somewhat by abdominal ])araeentcsis.) 

4. Dyspnea may be present to some degi’ee on cxeilion, but oi’thopnca 
is strikingly absent when there is no pleural fluid. 

5. Cyanosis consistent with venous engorgement is pre.sent and may 
be intense. When combined with lack of orthopnea and marked ascites, 
the inconsistency of these sig7is, at first suggesting congestive failure, 
is striking. Only marked tricuspid stenosis and ]ntlmonary heart dis- 
ease .simulate it. 

6. The heart size is nonnal in most eases — seven out of fifteen in the 
Iira.ssachu.setts General Hospital series (moderate enlargement occurred 
in only thi'ec).- 

7. The heart is free from murmui-s except for infrerjuent aj)ical 
systolic bruits. The rhythm is usually normal, but auricular fibrillation 
occurred in four of White's fifteen ca.scs. 

8. The blood presstu'e and inilse pressure are low. ‘‘Paradoxical 
})ulse” was ])resent in .'seven, absent in two, and not noted in six of 
the ^lassaehusetts General Hospital series. 

0. Broadbent ’.s sign is absent. 

10. Pleural effusion.s ai’C common. 

11. X-ray picture.s of the heaif may show calcification of the peri- 
cardium. limitation of cardiac pulsation, or limitation of pulsation of 
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the right border, dilatation of the superior vena cava, dilatation of the 
auricles, prominence of the left upper border, and pleural thickening. 
However, the examination may be essentially negative. 

12. .Electrocardiography shows low voltage in the axial leads, or in- 
version of the T-waves in Leads I and II, of the coronary type. One 
or both of these findings occurred in all of the fourteen IMassaehusetts 
General Hospital cases electrocardiographed. 

13. Tlie differential diagnoses of importance in our experience have 
been those of congestive lieart failure (especially with miti’al stenosis), 
cirrhosis of the liver, polyserositis, and nutritional edema. 

SUMMARY 

Acute and chronic constrictive pericarditis cause signs and symptoms 
suggestive of cardiac insufficiency (congestive failure) but should not be 
mistaken for it since paracentesis or the surgical relief of the chronic 
condition may result in complete disapiiearance of the patient’s dis- 
ability. 

The diagnosis is made by noting, usually in a young person, the in- 
consistency between the finding of cyanosis, persistent venous disten- 
tion, ascites, edema, and enlarged liver on one hand, and the absence 
of orthopnea, cardiac enlargement, and signs of valvular disease on the 
other. Helpful further evidence can be found in the low blood and 
pulse pressure, paradoxical pulse, limited cardiac excursion or calci- 
fication of the pericardium by x-ray, and low voltage or T-wave inver- 
sions in the electrocardiogram. 
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A CASE OF CONGENITAL AORTIC ATRESIA"^' 

^YITH Hypoplasia of Asceisdikg Aorta, Normai^ Origin of Coronary 
Arteries, Left Ventricular Hypoplaslv and SIitral Stenosis 

Joseph Thoaias Roberts, U.D. 

Ne\y Orleans, La. 

A N EXTREjME form of morbus ceruleus, which termiimlcs fatally 
usually dui'iug the fii-st few days of life, is associated with closure 
of the aortic or mitral valvular orifices. Cases of stenosis of these orifices, 
congenital or acquired, are not uncommon, but complete atresia of either 
passage is one of the very rarest types of congenital heaif disease. Espe- 
cially is this true of aortic atresia. The present case is accordingly re- 
ported, together witli a survey of the previously described instances, 
wbicb collectively point, to the suggestion that the size of the interatrial 
aperture is a factor influencing the duration of life.f 

CASE REPORT 

The subject was a colored male infant, Ihe lirstbom of twins. The mother 
(G. J.) was a negro girl, aged nineteen year.«, Jiiarried one year, yriinigravida. She 
was first examined Oct. SO, 1934, when the last menstrual period was stated to have 
been in ilay, 19.34. IVasserniann test w.a.s negative. She was seen Jit intervals 
in the Charity Hospital Out-Patient Clinic until admission to the obstetrical ward 
of the Cliaritt' Ho.spital on January 14, 19:5.1. No significant findings were discovered 
in her past or obstetrical history, or on physical examination. Pelvi.s of normal 
type. Fetal heart tones were heard to the left of the unibilicu.«, at a rate of 340 
per minute. Tlie fir.st stage of labor began at .3:00 I’.M.. .Tan. 14, 1935, the second 
stage at 4;?>0 A.M.. .Tan. 15, 19:55, when the membranes were ruptured artificially. 
A frank breech. S. L. A., was delivered at 4:35 the cliild breathed instantly and 
cried vigorously. At 4:50 aV.M. the second child, vertex presentation, Ij. O. A., was 
delivered without dilliculty; after two gasp.s this infant .stopped breathing. Re- 
suscitation was attcrn})ted for forty minutes, with the child talcing occasional ga.sps 
at first; enrbon dioxide, moutii-to-inouth breathing, alphalobeiin, catTeine, contrast 
baths, and wanntli all failed, and at 5:30 A.xr. this second child was pronounced 
dead. Both were males. Their weights wore, respectively, (! pounds, 3 ounces, and 
5 pound-o, (> ounce.-:. The afterbirth was described as "one placenta, two cords, two 
sots of membranes." 

The first child (the ca.^e hero reported) died at the age of 20‘/A hours. When 
bom he seemed to have neither cytiiio.^is nor dy.spnca, but vora- shortly thereafter 
cyanosis became apparent, and in the course of several hours there was also marked 
dyspnea. The cyano.sLs continued to deepen rapidly, and ju.st before death both 
cyjinosis and dyspnea were extreme. 

.li.'/o/wi/.--Negro male, body length, 47 cm. Second degree lividity of skin. 
Hair normal in umrmnt and distribution. No.«e .showed a df‘pre.*-sed bridge. Head 

•From ttio Ucpartrnonl of Anatojny, tlio Tnlane t;nivf;rpitj' of J..oubI.ana .S<‘lioo! 
of Medicine. 

1The writer bs indebtrU to tin- l>-p-irfment of I’aHioIn^y (Lr. Jo.^epii Rlftncy 
t>'Aunoy, director), the Cliarity Ilospitxtl of I..<iuisJrina, for ttie fpccimcn here di-snribed. 
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showed loose suture lines, with evidence of craniotabes. Blood in mouth. Mesenteric 
vessels were somewhat engorged witli blood, especially on the venous side. 
were almost completely atelectatic in the two upper lobes, and completely atelectatic 
iu the three remaining lobes. They were about the color of 

in consistency Very little crepitation was present. Liver veighed 105 gi . . 
cprfo was tense; cut surlace prosentod the appearance of a nutmeg Iraer^ ^pteen 
weighed 7 gm. and cut surface showed a little hyperemia and congestion. Kidnejs 
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Pis. 1. — Anterior surface of lieart. 



Fisr. 2. — ^^^essels at base of heart, showing disproportion between pulmonary artery 
and aorta and manner by which blood from the ductus arteriosus reaches the ascending 
aorta, the vessels of the neck, and the descending aorta. (Functionally a “truncus 
solitanus pulmonahs.” ) 

were congested, capsule tense, and cut edges everted on sectioning; they were red, 
with much uric acid deposition. Brain showed slightly engorged blood vessels. On 
sectioning, the epiphj'ses exhibited normal ossification centers and appeared per- 
fectly normal. 

Microscopical Examination: The spleen showed no increase in interstitial tissue, 
hut the sinusoids were markedly engorged, and the pulp showed reduction in num- 
ber of cells; corpuscles were numerous, small, but well defined. In the liver the 
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sinusoids of central portions of lobules were much engorged. Pnrcnchvinal colls 
in perijdiery of lobules showed rather marked fatty degeneration, and many islands 
of blood-forming tissue were found. In the huui the ve.ssels were markedly en- 
gorged; a few of the alveoli were overdistended, but the majority were completely 
collapsed or only partially distended with air. Kidiict/ except for conge.stion showed 
no morbid change. No otlier developmental abnormalities were seen e.xcept those 
of the heart, to be described in detail below. 

Anatomical J)iagnof;u<i . — Congenital cardiac anomaly. Atelectasis of lungs. 
Afarked congestion in liver, spleen, kidney.s, bniin and lungs. 



Fifr. 3. — Dhifrrarn of the heart cliamher.s and ve.s.v-cl.s, to show the probable coUr.se 
of the blood. (For clearne.s.s, no attempt Is made to rcUiIn proportions here;.) AO. 
arch of aortii ; A, aorta ascendens ; C, riaht an<I left coronaiy arteries; DA, ductus 
arteriosus: J-'O, foramen ovale; /^A, left atrium; />/,. left luna; Lf, left ventricle; PA, 
pulmonary artery; PA. rifrht atrium; Bl>. riaht Uina ; PV, rlftht ventricle; StGP>, 
systemic capillary bed ; TA, descending thoniclc aorta ; X, sei)tum causin;; aortic ntre.sla. 

Autopsy on tlie second twin revealed nothing of significance except ntelectasi.H 
of lungs and generalized passive congestion. The heart was normal. 

... . JPscriplwn of Cardiac Aunmahj 

The heart wa.s approximately normal in genenil sluipe, in .size ('>.4 by -S.l by 2.1* 
'em.), and in weiglit f2o gni.). It appeared well nouri,«hed, with no area.s of in- 
farction,' i.sfhemra.' or anemia: the eoronarj- vessels were engorged with blorMl, e.sjie- 
'cSally the A-eins. There was a great disproportion led ween right and left ventriele.^i 
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(Fig. 1) ; tlie anterior width of the right ventricle was 3.2 cm., of the left, 0.9 cm. 
The apex. was formed entirely by the right ventricle.' The pulmonary artery was 
tremendously enlarged, being 13 mm. in external diameter at the root. Tlie right 
and left branches of the pulmonary artery, superior and inferior venae cavae and 
pulmonary veins were normal. The ductus arteriosus continued in the direct axis 
of the pulmonary artery and was of the same diameter. 

The aorta at once attracted attention. It was threadlike throughout its ascend- 
ing and arched portions, being 2 mm. in external diameter. Near the isthmus 
it became slightly larger and gave origin normally to the three great vessels (Fig. 2). 
Below the istlimus the descending thoracic aorta was the expected diameter, appear- 
ing as the continuation of the large ductus arteriosus. 

The right atrium was found to be greatly dilated and moderately hypertrophied. 
It measured 21 by 14 by 19 mm. and its walls were 1 mm. thick. The orifice of the 
coronary sinus was in its normal position, but much dilated. The right auricle was 
greatly dilated, appearing to be more directly a part of the atrial chamber than 
an appendage. On the septal wall was a very large fossa ovale which distinctly 



t enlargement of the right atrium and ventricle 

to abnormal flap of tissue which prevents the flow of blood from right 


opened to show marked hypoplasia of left atrium and ventricle 
Note small opening of foramen ovule. A. ascending aorta; F, pulmonL-y artery 


bulged into the left atrium; it was circular, 11 mm. in diameter. The foramen 
ovale, 3 by 2 mm., was situated in the upper anterior portion of the fossa ovale. This 
was bounded in front by the prominent edge of the thick septum secundum (con- 
cave posteriorly) and behind by the edge of the thin, filmy septum primum. The 
toramen ovale so formed was in addition guarded by an unusual flaplike fold 
of tissue (Fig. 4); tliis bulged toward the right atrium, de.spite the ‘q.erniation^-- of 
the fossa ovale into the left atrium (Fig. .3). This fold or flap of ti.ssue formed 

effectively obstructed blood flow from right to 
left, while at the same time admitting it from left to right. 

^ The trieu.spid valve was 14 nun. in diameter; its cusps were normal in relative size 
and position although each cusp was actually much larger than usual These 
cusps were attached as usual to three sets of large papillaiw muscles by rather 

ISIcrlropl., (l,g. 4), „.„1S averaged r arm. thick, its ialernnl rvidtl, rvae 
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25 nini., deptli 14 mm., and liejght 2(3 mm. Tlie conus region was much larger limn 
usual, aj^pearing almost as an additional chamber; it opened into the pulmonary 
artery, wliich also showed extreme dilatation and hypertrophy. The pulmonary 
orifice, 9 mm. in diameter, was guarded by three strong, perfectly normal cusps which 
were in the usual positions. There was no opening in the aortopulmonary septurfl. 

The left atrium (Fig. 5) was found to be less dilated than the right. Its walls 
were not hj-pertrophied, being less than 1 mm. thick. It measured 14 by 9 by 7 
mm. The auricular appendage was in its usual position, but unlike that on the right 
was extremely hypoplastic; it joined the atrium by a narrow isthmus 1.5 mm. in 
diameter. 

The left atrioventricular orifice presented a distinctly stenotic valve, tiny, funnel 
shaped, showing no subdivision into cusirs. Its edges were connected by abnormally 
.•ilender chordae tendineae to the left ventricular walls, with little evidence of 
papillary muscles. The valve was stenotic, the minimum diameter of the passage 
being less than 2 mm., while at the level of the fibrous ring it measured 0 mm.; evi- 
dently there existed a “mitral atresia’" from a functional standpoint. The left 
ventricle, corre.sponding to the external indications of its size, was extremely hypo- 
plastic. It was reallj’ little more than a slitlike c.avity in the wall of the massive 
right ventricle, and it is thus easy to sec why such a heart might be described as a 



e. — The opened aorta .ascendens and two coronao’ arteric.s, sliowlng the occhidinp 
septum which represents the fused semilunar cusps. 

“cor pseudotriloculare biatriatuni, ’’ as did Dolgopoln in reporting her similar 
specimen. This cavity measured 2 mm. or less in width, 7 mm. in depth, 19 mm. 
in height, and would contain probably less than 0.5 c.c. No opening into the aorta 
could be found. 

The interventricular .septum was strong and well developed. It corresponded to 
the interventricular .sulcus, which was displaced far to the loft fFig. 1). At the 
extreme tipper part of the pars mcmbranacca septi there was a shallow depression 
with an interventricular patency. However, this aperture was so small that only a 
2 mm. probe could be passed through it into the pulmonic conu.s region; when 
pa.sscd from the right .side, the probe entered the left ventricle just Ixilow the 
occluding aortic septum de.«eribed below. Even this tiny patency was closed by a 
small tag of the septal iriisp of the Iricu.'-pid valve which was attnehed to the upper 
edge of the .septum by a thin chorda ti'iidinea. 

Although the arch and a.-c-nding part of the aorta admitted a thin wire, it 
could not 1 m 5 pa.'i.'^ed beyond the aortic ring. When the ve.=.'<el wa.s opened (Fig. 
li), a complete oeclu.‘'ion. i.e., atre-'^ia, of the aortic valve was found. Tlii.s was 
due to a transverse septum t.V in Fig. showing on its upper .surface three shallmv 
e.ve.avti firms separated by threi* low ridge.s whicli extended from the center of the 
septum l.ri to 2 mm. along the aortic wall (Fig. <1}. The septum represented the 
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fusion of tlie three semilunar cusps; the excavations, the sinuses of Valsalva; and the 
ridges, the lines of fusion of the cusps. The three little pits were of equal size, 
and corresponded in position to the normal cusps. 

Arising from the right anterior and the left anterior excavations were the right 
and left coronary arteries. When opened, neither showed any union with the pi^- 
monary artery or with any chamber of the heart. Their courses were normal in 
relation to the heart chambers. 

Ilicroscopio Examination . — Extreme thickening of endocardium, especially in 
left ventricle; atrophy of muscle fibers and replacement by dense fibrous connective 
tissue in left atrium and ventricle; congestion of vessels, especially near endo- 
cardium; no actual connections of ve.ssels with the lumen of heart w’ere found after 
detailed serial section study. 

LITERATURE 


The classical monographs on congenital heart disease dismiss aortic 
and mitral atresias with hut a passing comment on their rarity and the 
associated extreme degree of morbus eeruleus. Many of the articles en- 
titled "'aortic atresia” are found to be descriptions not of real atresia 
but of stenosis of vaiying degrees. Aortic stenosis usually is not accom- 
panied by the extreme cyanosis seen in atresia, nor is the prognosis so 
grave. In the folloiving tabulation onlj'- tliose cases of true anatomical 
atresia are listed. A very careful search of the available literature and 
bibliographical aids revealed only fifteen cases of aortic atresia such as 
seen in this ease. Some of these, however, differed in the associated 
cardiac anomalies. 

Abbott^ in her monumental collection of 850 cases of congenital heart 
disease found only six cases of aortic atresia.^'^ In five of these there 
was an associated septal defect, and the foramen ovale and ductus 
arteriosus were nearly always widely patent. One of her cases was that 
reported by fSummons“ ; his patient lived for fifteen w^eeks, w^hich is by 
far the highest age attained by any reported case. Cyanosis and dyspnea 
were the prominent clinical features, as in all the cases. ’ 


Other instances apparently similar to the one here reported have been 
described by Philpott,^ Bellet and Gouley,^ Wilier and Beck (twe 
cases) ,1° Farber and Hubbard, and Wesson and Beaver.^^ Aortic 
atresia has been reported in two eases of cor biloculare (Hastings^®; 
Konstantinowitschs), in a case of transposition of aorta and pulmonary 
artery (DolgopoP"), and in three cases of cor triloculare biatriatum 
(Moore and Menne*; Dudzuz^; Shapiro^'O. 

The case of Bellet and Gouley® is important because both the inter- 
atrial and interventricular septums were completely closed, and because 
of the “remarkable finding of numerous circular and oval channels in 
the left auricular appendage and left ventricle, some of which could be 
found by serial sections to communicate apparently with coroiiaiw ar- 

Jw ’"IT”’* f simisoids. Thus it appeared 

hat Mood passed through them &om the eoronary arterioles to he de- 
hvered to the cavity of the left auricle and ventricle.” [However, i1 
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may be move likely that they sen-ed for passage of aerated blood from 
the left auriele and ventricle into the myocardium to aid in its nourish- 
ment.] 

Parber and Hubbard’^ reached tlic conclusion that “fetal endomyo- 
carditis -was the cause of cardiac anomalies, especially in such cases as 
atresia or stenosis of valves.” In fourteen collect cd eases of valvular 
stenosis or atresia (four being their own), they stated that “infection 
during fetal life seemed to be evident from gross and microscopic pa- 
thologj'.” As in their instance of aortic atre.sia, in all these eases they 
found “enormous thickening of the endocardium (in the left ventricle), 
with hyaline degeneration in the muscle bundles, with abundance of 
finely divided fat droplets in the muscle fibers, and with definite calcifica- 
tion and cicatrization near the atresia.” Three of their cases showing 
these changes were earlier reports of aortic atresia (Puge’’’; Looser'; 
Bellet and Gouley'*). 

Although partially descriptive, the titles of “truncus solitarius pul- 
monis” (Shapiro^'’) and “cor pseiidotriloenlare biati-iatum” (Dol- 
gopor-*) are quite misleading. 


D1SCU.SSIOX 

The size of the foramen ovale, and consequently the amount of blood 
tliat might pass through it, apparently were factors intiuencing the dura- 
tion of life. All cases in which the duration of life and the size of the 
foramen ovale were mentioned have been arranged in a sequence accord- 
ing to the length of life (Table I). It is evident that the larger the 
foramen ovale, the longer the infant lived. 

Tabi.k I 


C-'.SK* 

I.KNGTU 

or LIFE 


.SIZE or rOUAMES 

OVAI.E 


nomas 

MM. 1 

! KEMA1‘.K.S 

1. Bollet and Gouley 

12 

' 

• ‘ Coniplctclv (dosed. ' ’ 

2. Tli5.« ea^o 

20 1 

X 2 

“Guarded 1)V flap.” 

Looker 

40 i 


“Open.” 

4. tVillcr and Boek. Case 3 

I-’! 

4 X r; 

“Small.” 

5 . Wo.K.Kon and Beaver 

00 

0.0 

* ‘ Guarded bv flap. ’ ' 

n. ]*Iiilpott 

02 

0.0 

‘ ‘ Widelv patent. ’ ’ 

7. Wilier and Beek, Case 2 

00 

7x4 

‘ ‘ Patent. ' ' 

S. Shapiro 

Olj 

7.0 

‘ ‘ Absent intervenf rieular sep- 
tum. ’ ’ 

0. Dolgojiol 

j 120 

! -- 

“Widely jiatcnt.” 

JO. Hasting-i 

! 144 


“Absent infenilrial and inter- 



ventricular septa.” 

11. Moore and Mennc 

i 144 

-- 

“Relatively large patency.” 

12. Sunimon.-i 

1 2,520 

: 

1“ Extremely wide pateney, ” 


•In t'a.mi 1. I'arlMT an<l lU'bbai-a.” tlio patient lived tbirty-.«ilx hour.®, rind the 
diairranii: arcompanylnt: the protocol iUnrtrate a foramen ovale patency of 1 to 0 
mtn., aecordinfr to a perr^onal eommunloatlon from Dr. Karbf-r. 


The course of the blood was jtrobably as follows (Phg. 3). Venous 
blood reluming from the systemic circulation entered the right atrium. 
All of it passed into the right ventricle through the tricuspid orifice; its 
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entry into the left atrium was probably blocked by the flap guarding 
the foramen ovale. In the right atrium it was mixed with tlie small 
amount of aerated blood which could pass through the foramen ovale 
from left to right. From the right ventricle this mixed blood entered the 
pulmonaiy artery, then either the ductus arteriosus or the right or left 
pulmonary artery. Keturned to the left atrium from the lungs, all or 
practically all the blood from this chamber reached the right atrium 
via the foramen ovale. Possibly a minute quantity of blood passed 
through the stenotic mitral orifice into the hypoplastic left ventricle, 
but having no outlet through the atretic aorta this would have been 
forced to return to the left atrium through the mitral valve. It is ex- 
tremely doubtful that the minute interventricular patency would have 
admitted blood into the right ventricle, in view of its size and especially 
the presence of the guarding tag of the septal cusp mentioned above. 
Blood from the pulmonary artery entering the ductus arteriosus was con- 
tinued into the descending thoracic aorta, or some of it might have 
entered the stenotic aortic arch in a retrograde direction, to be then 
distributed by its three branches, the innominate, left common carotid, 
and subclavian arteries. 

Blood reached the coronary bed in the myocardium from one or more 
of the following sources: (1) From the ductus arteriosus, by passing 
through the arch of the aorta and down the stenosed ascending aorta to 
the coronary arteries; (2) from the lumen of the heart, tlirougli the 
Thebesian veins or the arterioluminal channels described by Wearn and 
his associates;^® (3) from tlic lumen of the right atrium through the 
dilated coronary sinus and its tributaries, as suggested by the congested 
coronaiy veins; (4) from the extraeardiac anastomoses described b 3 ^ 
Gross^' and recently emphasized by Beck.^® Probably the first source 
was most important. 

The extreme cyanosis resulted from a combination of the ‘ ‘ determining 
factors” of Lundsgaard and Van Styke,^® in the following order of im- 
portance: 1. The "alpha” factor (right-to-left shunt), for it is evident 
that very nearly all of the venous blood must have been shunted into 
the arterial stream through the large ductus arteriosus. 2. The "D” 
factor (increased reduction of oxA'geii in the tissue capillaries), produced 
bj' a retarded rate of flow as shown bA’^ the generalized passive congestion. 
3. The "1” factor (lessened or retarded oxygenation in the alveoli of the 
lungs), due to the abnormal obstruction to the outflow of blood from 
the left atrium b}’ the mitral and aortic closures and bj' the small 
foramen ovale, and resulting in the pulmonary congestion. 

Theoretically, aortic atresia might be due either to a prenatal inflamma- 
tory condition which brought about adhesion of the valve cusps, or to an 
abnormal or arrested development at some critical stage of cardiac 
moriflmgenesis. This latter cause might he the evidence of hereditarv 
deficvencics in germ cells or of a chemical, hydrodjmamic, or pathological 
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condition in tlie environment interfering with normal development dur- 
ing the early weeks when the seirtums and heart were assuming form. 
In cases so ari.sing there may be additional gross departures from 
normal, such as dextrocardia, large se]ital defects, transposition or per- 
sistent ostium atrioventrieulare commune. In such cases, the 
aortic atresia would seem to be a secondary defect, possibly following an 
unequal d-ivision of the bulbus cordis by a displacement of the aorto- 
pulmonic septum; if so, the cusps would adhere to eaeli otlier from con- 
tact and compression even in the complete absence of inflammation. Dis- 
placement of this septum might have been due to hydrodynamic ab- 
nonnalities following initial displacement to the left of the atrial or 
ventricular septums, or to asymmetrical subdivision of the atrioventricu- 
lar canal. 

There is no conclusive evidence for the exi.stcnce of fetal endomyo- 
carditis due to intrauterine inflammatory conditions, except in .syphilis. 
Histological e.xamination was made, however, in eighl'’''^ of the fifteen 
previously reported cases of aortic atresia and in the ])resent case. In all 
nine, certain changes were found in the left ventricle (especially near the 
aortic ring) which sugge.sted the effects of prenatal infection. Thc-sc 
changes included: thickening of the endocardium, comjiletc or partial 
oblitei-ation of blood vessels, fibrous scaix, overabundance of immature 
tyjies of fibroblasts and fibers, general replacement of muscle fibers by 
dense fibrous connective tissue, atrojiby of muscle fibers, hyaline or fatty 
degeneration of muscle fibers, and calcification or cicatrization near the 
atre.sia. 

Of the other seven cases (in which microscojiic study was not made), 
six’’ showed associated grave anomalies sugge.sting that the 

cause was active vciy early in cardiogenesis, with the aortic atresia jirob- 
ably being a secondary defect. In the other case,= there were no data 
upon which to base either conclusion. 

In no case was there evidence of syphilis; in cases in which a Wasser- 
mann test of baby or mother was mentioned (six cases), it was negative. 
Xine were males, three females; sex was not noted in four. Color was 
not stated in seven; seven were while and two negro. The ages of the 
mothei’S (given in six cases) averaged nineteen and one-half years; tlie 
oldest was twenty-four years. Two of the jiatients wore twins. 

SUMMARY 

The case reported here is the tenth showing aortic atresia associated 
with the usual combination of defects (mitral stenosis, left ventricular 
hypoplasia, stenosis of ascending aorta and arch, patent foramen ovale, 
right ventrie.ular and pulmonary artery dilatation and hyjiortrophy, en- 
larged ductus arteriosus, and nonp.alent interventricular .septum). Six 
additional cases in the literature show grave congenital defects (absent 
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septiims: transposition of aorta) associated witli aortic atresia, maldng 
this the sixteenth recorded case of congenital aortic valvular atresia. 

The probable course of the blood is suggested, especially for the 
coronary circulation. 

All cases which have been studied histologically indicate that theie 
might possibly have been a prenatal inflammatory condition ; the alter- 
nate theory of arrested development is also discussed. 

The size of the interatrial aperture or foramen ovale is shown to be a 
factor probably influencing the duration of life in eases of congenital 
aoidic atresia. 

It is a pleasure to acknou’leclge m.v appreciation to Dr. Harold Cummin.s, profc.s- 
sor of microscopic anatomy, and to Dr. John H. Mnsser, professor of medicine, of 
the Tulane Univer.<^ity, who read the manuscript. 
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SUDDEN ARTERIAL OCCLUSION IN THRO:\IBOANGIITIS 

OBLITERANS'' 


Walter Ivvale, M.D., axd Edgar Y. Allex, ]M.D. 
Rochester, SIixx. 

I T IS not surprising that occlusion of the main arteries may occur sud- 
denly in thromboangiitis obliterans. In sclerosis of coronary artei’ies, 
which is a chronic occlusive arterial disease of a different type from that 
observed in thromboangiitis oblitci'ans, sudden ocehision of the coronaiy 
arteries, which is recognized as thrombosis of the coronary arteries and 
myocardial infarction, occurs frequently. Sudden arterial occlusion in 
tliromboangiitis obliterans has been empliasized in the monograph of 
Buerger, in the monograph of Brown, Allen, and IMahonicr, and by 
Barker. Brown, Allen, and IMahorner said that “.sudden arterial occlu- 
sion is usually indicated by sharp paiii in the foot. Inspection shows 
extreme pallor and coldness of the extremity. Pain subsides gradually 
and usually disappears in from twenty-four to seventy-two horn’s. The 
pallor partially disappears and in the ends of the toes is replaced by 
excessive rubor or cyanosis. Claudication and other symptoms of 
thromboangiitis obliterans may follow .shortly or be delayed for months. 
So frequently is this syndrome present that we make a tentative diag- 
nosis of thromboangiitis obliterans in all cases of sudden unexplained 
occlusion of the xieripheral arteries oeeuri-ing in young adult males.” 
Of sudden arterial occlusion, as an initial symi)tom, they said that “occa- 
•sionally the first symptoms in thromboangiitis obliterans arc those due 
to sudden ai'terial occlusion, consisting of the sudden onset of pain 
followed by pallor and coldness of the e.xt rein i ties. Some color and 
warmth usually return after prolonged rest, but mild pain on rest and 
claudication are the usual sequelae.” 

It is the purpose of this study to deteiTninc how frequently sudden 
aiferial occlusion occurs in thromboangiitis obliterans, both as an initial 
event and as an episode in the cour.se of well established thromboangiitis 
obliterans, to delineate the symptoms of this condition, and to study the 
events subsequent to it. For these purposes the recoi’ds of 255 carefully 
studied cases of thromboangiitis obliterans were examined. 

RL'DDE.V ARTERIAI. OCCLE.SIOX IX THE COUR-SE OK IlSTAnLISHED 

TUROMnoAXoirn.s obi.i'j’eraxs 

This gi-ouj) consi.sted of fifteen cases, or about 6 per cent of all the 
eases which were studied. It is probable that the percentage incidence 
of sudden arterial occlusion in the 00111x0 of thromboangiitis obliterans 
noted is low, as only characteristic incidences of this coinjilication were 
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mclnded in tlic group. Were it possible to have a large number of 
patients witli thromboangiitis obliterans under personal observation for 
a long time, it is probable that sudden arterial occlusion would be found 
to occur in somewhat more than 6 per cent of the eases. Sudden occlu- 
sion could be determined then, not only on the basis of symptoms, as was 
necessary in this study, but on the basis of sudden disappearance of 
pulsations in the peripheral arteries. 

There can be no reasonable doubt regarding the diagnosis of thrombo- 
angiitis obliterans hi any of these eases. All of the patients were men, 
except the patient in Case 15, who was a woman. The early details of 
this case have been reported previously as Case 16, by Horton and 
Brown. Chronic occlusive arterial disease is clearly indicated in each 
instance by symjitoms of this condition, such as intermittent claudica- 
tion, and by previous examination in many instances. The patients were 
all young or middle-aged individuals at the time s 3 miptoins of vascular 
disease were first noted, with the exception of the patients in Cases 5, 7, 
and 14. In each of these eases there was predominant evidence of an in- 
flammatory type of arterial lesion rather than a degenerative one, al- 
though arteriosclerosis as a basis for arterial occlusion could not be en- 
tirely excluded. 

It is apparent from this study that the time which elapsed between 
the onset of the disease and the appearance of sudden arterial occlusion 
varied within wide boundaries. One patient had had evidence of 
thromboangiitis obliterans for sixteen years before there was rapid 
interference with the arterial circulation ; another one had had intermit- 
tent claudication for only three months previously (Table I). Symp- 
toms likewise varied widely, from a sudden decrease in surface tempera- 
ture to severe pain. This observation agrees with that of McKechnie and 
Allen; namely, that symptoms of sudden arterial occlusion not asso- 
ciated with chronic occlusive arterial disease are characterized by severe 
pain in only about half of the eases; in the remaining 50 per cent of 
cases, numbness, tingling, and coldness were predominant s,>Tnptoms. As 
McKechnie and Allen have stressed in their previous study, the diagnosis 
of sudden arterial occlusion is not dependent on the accepted classic 
symptom of sudden severe pain in an extremity. 

Sudden occlusion of arteries in thromboangiitis obliterans appears to 
be a serious complication as in ten, 66 per cent, of the fifteen cases it was 
eventually necessary to amputate the limb in which sudden occlusion had 
occurred. This is an extremely high incidence of amputation in thrombo- 
angiitis obliterans of all types, and exceeds the incidence of this opera- 
tion in arterial embolism and thrombosis, which are not associated with 
chronic occlusive arterial disease, as the study of IMcKechnie and Allen 
showed that amputation is necessary in only about half of such eases. 
The explanation for the high incidence of amputation seems to be that 
extremities in which the arterial blood supply is already greatly reduced 
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Table I 


Seddex Arterial Occlusiox ik Established Tiiromboakgutis Obliteraks 


! 

1 

CASE 

AGE 1 
IX i 
YR. 1 

j symptoms 

TIME 

OF .SUDDEX 
OCCLU.SIOX* 

RE.SULT.S OF 
SUDDEX ARTERIAL 
OCCLUSIOX 

before suddex i 

OCCI.ESIOX 1 

1 or SUDDEX 

occlusiox 

1 

44 

Claudication for 
five years ' 

Sudden pain 

Three years 

Amputationt 

2 

3 

29 1 

i 

i 

Claudication for 1 
one and a half 
years. Phlebitis 

Sudden numbness 
and coldne.«s; 
partial paral- 
ysis 

Seven months 

Ischemic neuritis; 
amputation eight 
months after 
acute occlusion 

57 

Bilateral claudica- 
tion of feet for 
sixteen years. 
Right second 
toe had been 
amputated 

Coldness and pain i 

1 

1 

Eighteen 

days 

Claudication in 
right calf; rest 
pain relieved by 
treatment 

4 

37 

j 

Claudication of 
right calf, and 
later amputa- 
tion of right leg 

Coldness and red- 
ness of toes I 

Three weeks 

Temporary re- 
covery; leg 
amputated later 

5 

54 

Claudication for 
three months 

Sudden severe 
pain, and pallor 
and numbness 

Nine weeks j 

Amputation ; 
claudication de- 
veloped later and 
there was occlu- 
sion of arteries of 
remaining leg 

(i 

1 

Claudication for 
one year 

Sudden sensation 
of numbness 

I and “dead- ! 

' ness ’ ’ 1 

Three years 

'I’emporary re- 
covery; eventual 
amputation 

f* 

/ 

51 

Claudication for 
two years 

i Severe pain and 
coldness; numb- 
ness and partial 
paralysis 

ITliree day.s 

Amputation in one 
month 

1 

8 

38 

Claudication for 
ten years. 
Superficial 
phlebitis 

1 Sudden discolora- 
1 tion and cold- 
ness of left 

1 foot 

Eight months 

Temjjorary re- 
covery; amputa- 
tion eight months 
after sudden oc- 
clusion 

9 ' 

1 

i 

i 

49 

Claudication left 
arch and calf 
for two year.s 

[Sudden numbne.«s 
and coldne.«s of 
foot 

[Three weeks 

Recovery from 
i acute symptom." 

10 ' 

i 

1 

] 

44 ! 

j 

Claudication. 
Amputation of 
left leg 

1 1 

i.Sevcre pain, 
cyanosis of toe 
nails, and anes- 
thesia of di.stal * 
half of foot j 

■V 

(Ischemic neuritis; 
gradual recovery; 
amputation in 
three month."! 

11 

-]o~ , 

j ‘iG jCIruidicrition for 
! one vear 

! > 

(Sudden cramp in iThrcc months j 
left foot 1 i 

! ! 

Recovery from 
aente sympi otn." 
in two days 

j 2S iClniKlicJition for JSudden oiipct of iThree days 1 

I 1 three years j numbness, i 

1 i ! ])allor and cold- i I 

’ ; nc-s of left Icp j i 

1 1 I ! 1 

Residual ischemic 
neuritis which 
improved; ampu- 
tation eighteen 
inonth.s later 


*K''for<: examination at tiu: elinic, 

tSiiiLlfn t>cr;lu<ion occurreil v/iiile patl'-nt wa.*; under our care- 
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Table I — Coxt’d 


1 

AGE i 

t SYMPTOMS 1 

TIilB OF 

RESULTS OF SUDDEN 

CASE 

IN : 
YR. 1 

BEFORE SUDDEN ' 
OCCLUSION 1 

OP SUDDEN : 

OCCLUSION 

SUDDEN 

OCCLUSION* 

ARTERIAL 

OCCLUSION 

13 

35 

AmputatioD of 
riglit leg 

Numbness, cold- 
ness and dis- 
coloration of 
left foot 

Three weeks ^ 

1 

1 

1 

Eeeovery from 
acute symptoms 

14 

53 

Claudication, for 
two years 

Pallor, coldness ] 
and pain affect- j 
ing left foot 
and leg 

Three days 

Gangrene and 
amputation 

15 

30 

j Claudication 

i 

1 

j Sudden decrease 
in temperature 
of foot 

t 

1 

jKeeovery 


cannot survive fnrtlier sudden reduction in blood supply for long. It 
also is probable that eases in which sudden arterial occlusion occurs are 
representative of a more progressive form of thromboangiitis obliterans. 
Only two of these patients were under our observation at the time the 
blood supply to the extremity was suddenly diminished; the others were 
examined and treated at intervals ranging from tliree da.ys to three years 
after the sudden thrombosis. Had all these patients received the ver^^ 
best of care immediately after thrombosis occurred suddenly, it is prob- 
able that amputation would not have been necessary so frequently. Tliis, 
however, is by no means an absolute certainty. 


SUDDEN ARTERIAL OCCLUSION AS AN INITIAL EVENT IN THROMBOANGIITIS 

OBLITERANS 

There were eleven eases in this group, or about 4 per cent of the entire 
group studied. It is a fair assumption that the diagnosis of thrombo- 
angiitis obliterans is established when bilateral oeclnsive arterial disease 
of a progi’essive nature affects young men, when the onset of some of the' 
occlusive lesions is gradual. In addition to bilateral arterial occlusion 
lesions were detectable which might be sources of embolism! 
Additional support for the diagnosis of tliromboangiitis obliterans was 
the occurrence of supeiUcial phlebitis in Cases 3 and 10, the gross and 
microscopic studies of the arteries in Cases 2 and 11 , and the character- 
istic ar enopam in Case 9 (Table II). In all of the cases except Cases 

L ctf '6 Ttl All 0 l tile patients were men. 

ill Cases 6 and 11 the occlusive lesion was unilateral at the time the 

patient tost nns cxammed at tie clime. I„ i„ti eases, the o? 

s bstatSfa T ““Aerans was made primarily, and subseque^y was 
^ appearance of bilateral occlusion of aiteri J In 

“was rcelrf L cZf ™'=^^9«ent ampu- 

a«er sndden a.eria. oeelnsion 
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Table II 


Oxsrr OF Tiiromboaxgiitis Obliteeaxs With Suddex Aeteutal Occi.usiox 


ca'se 

AOEIX 

YE. 

.SYMPTO.M.S 

PEOOF OF TIIEOMBO- 
AXOIITI.S OBEITEEAXS 

OF SEBDEX AETEEIAL 
OCCIA'.SIOX 

.SUBSEQUENT TO 
ACUTE 
OCCLUSIOX 

1 

48 

Hiidden pain in left calf 

None for one and a 
half ycar.s, claud- 
ication then 
appeared 

IJilateral arterial oc- 
clusion 

2^ 

: 39 

! 

1 Severe pain in right ' 

■ ankle and calf; leg 
pale; pain persisfed 
two weeks 

Claudication, 

i.scliemie neuritis, 
and gangrene after 
nine years; ampu- 
tation 

Bilateral amputa- 
tion of legs; gro.ss 
and microscopic 
examination of 
arteries 

*» 

o 

50 

Sudden .severe jiain; 
numbne.ss and im- 
mobility of right, leg 

Claudication 

Phlebitis; bilateral 
arterial occlusion 

4 

45 

i 

Sudden pain in left calf 
and po.sterior thigh, 
and numbne.ss of foot 

Unknown 

Bilateral arterial 
occlusion 

5 


Sudden .severe pain in 
left leg, which lasted 
ten days 

Claudication; 
gangrene of toes 
three years later 

Bilateral arterial 
occlusion 

6 

42 

Sudden pain in riglit 
calf 

Claudication 

Bilateral arterial 
occlusiont 

7 

30 

Sudden numbness, cold- 
ness, iind pallor of 
left leg 

Claudication I 

BiliUeral arterial 
occlusion 

8 

30 

jMumbness of left foot 

Claudication 

Bilateral arterial 
oeclu.sion 

9 

1 

37 

Sudden numbness and 
eoldnos.s in left .second 
linger, followed by ; 

ulceration 

None 

Claudication in legs 
two years later; 
arteriogram 

30 ! 

j 

i 

m 

Sudden pain and .swell- 
ing of .second, third, 
fourth, and fifth 
fingers of right hand 

None after three 
months 

•Superficial phlebitis; 
bilateral arterial 
oeclu.sion 

31 

40 1 

1 

i ; 

Smlden severe jiain in 
right midthigh; ten 
days later, same ty^ie 
pain in right calf; 
leg cold and white 

Pain replaced by 
claudication in two 
weeks; ulceration 
of right great toe 
appeared three 
months later; 
amjmtation of 
right leg two 
montlis later 

Bilateral occlu.sive 
arterial di.«case; 

1 micro.scopic exam- 
iimtion of arteries 

.sudden .severe pain, 

1 numlmes.s and cold- 
i ne.os of left leg, a.sso- 
1 cialed with disap- j 

1 pcanince of pulsations; 
1 in femoral artery ! 

Gangrene; amputa- 
tion nwessary 

i 

Microscopic examina- 
tion of arteries; 
bilateral nrteriiil 
occlusion f 


•Piitlcnt Iwl luitl symptoiiiH in left le^ nnil rlRlit Imnd live yimrs^ befnr*- HinpuUition 
of left lejr, ^vllk•i^ perforno’il live yeriro after onset of symploms. 
tAt titiie of lirst exnminntion arterial occlusion was imilnteral. 
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angiitis was of a particnlaiiy malignant type, and it was necessary to 
amputate the left leg two weeks after sudden arterial occlusion had oc- 
curred, and it was necessary to amputate the right leg six months after 
the occurrence of sudden arterial occlusion. This patient was the only 
one of tliis group who was under our observation at the time of sudden 
thrombosis. The periods of Imown survival of limbs in cases in wliich 
amputation was not necessary following sudden occlusion of arteries 
were two and a half years (Case 1), six years (Case 3), fifteen days 
(Case 4), four years (Case 5), two years (Case 6), one 3 'ear (Case /), 
four years (Case 8), two years (Case 9), and twenty months (Case 10). 
It is apparent that the periods of survival of the affected limbs are con- 
siderably greater than those indicated, as many of these patients would 
have returned to the clinic for reexamination if further serious trouble 
had occurred. In Case 2 amputation was performed nine years after 
sudden occlusion had occurred, and this surgical procedure was hardly 
necessitated by sudden occlusion. In only one case (Case 11), or 9 per 
cent of Group 1, did the necessity for amputation eventuate soon 
after sudden arterial occlusion. ^Vlien contrasted with the 66 per cent 
of amputations which eventually were necessary in the group of eases in 
which there was clinical evidence of thromboangiitis obliterans before 
sudden occlusion occurred, the number of amputations is remarkably 
small. The explanation seems obvious; when sudden arterial occlusion 
occurs in the presence of an already diminished blood supply, the 
consequences are much graver than when the arterial circulation is ap- 
proximately normal. Intermittent claudication resulted in all cases ex- 
cept Cases 4, 9, 10, and 11. In Case 4 the information was not available. 
In Cases 9 and 10 the lesion affected the arms, and the second sudden 
occlusion in Case 11 resulted in gangrene, and amputation was necessary 
shortly afterward. 

TREATMENT 

Prompt recognition and treatment of sudden arterial thrombosis is 
important. It is probable that very little of value can be accomplished 
if twenty-four to forty-eight hours elapse liefore rational treatment is 
begun. Undoubtedly, other circumstances being equal, the prospects 
of a satisfactory recovery arc proportional to the promptness with which 
logical treatment is instituted. Treatment of this complication is one 
which cannot be delegated judiciously to nurses or relatives, but war- 
rants the almost constant attention of a physician until the circulation is 
1 eestablished, or until an unfortunate outcome is apparent. 

There are three aims in the treatment of sudden arterial occlusion: 
(1) to relieve pain; (2) to avoid doing harm to the extremity, which has 
an impoverished blood supply; and (3) to induce as much vasodilatation 
as possible. AdminisG’ation of morphine is advisable for the relief of 
pain. As in myocardial hifaretion, which is the result of thrombosis of 
a coronary artery, administration of large amounts of morphine may be 
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necessary, but the patient should be made comfortable. The placing of 
hot water bottles around the extremity is dangerous, as serious bums 
may re.sult because the blood supplj' is greatly diminished and the tissues 
are very sensitive to temperatures which ordinarily are harmless. As a 
.substitute for this time-honored method, we recommend wrapping the 
limb with absorbent cotton, M’hieh is held in place with an ordinary 
roller bandage. A cradle which contains electric light bulbs should be 
placed over the affected limb and covered with a sheet. The temperature 
within the cradle should not exceed 100° F., and a temperature of about 
90° F., probably is advisable. The affected limb should be placed defi- 
nitely below the level of the heart. 

The outcome of sudden thrombosis of an important artery depends on 
the ability of arteries, which ordinarily are of secondary importance, to 
as.sume a heightened function of transmission of blood, that is, to un- 
dergo vasodilatation, since the occluded arteiy has become functionlcss 
by virtue of the thrombosis. The experimental work of IMulvihill and 
Haiwey has demonstrated conclusively that tbe decrease in the circula- 
tion which follows arterial ligation can be offset completely by sym- 
pathectomy, which we assume either relieves actual spasm of collateral 
arteries or induces them to accept an increased function in contrast to 
that which they have normally. These observations arc supported clini- 
cally by the encouraging report of Herrmann and Reid, who used an al- 
ternating positive and negative pressui’e (pavacx method) around the 
affected limb, and by the reports of Denk and of Allen and MacLcan, 
who injected i)apaverinc intravenously. Both of these therapeutic pro- 
cedures produce a common effect, that is, arterial dilatation. Tn addi- 
tion, va.sodilatation can be effected in varying degrees by the oral ad- 
mini.stration of alcohol, as has been .sho^^^^ by Cook and Brown, or by 
the oral or inti’avcnous administration of theobromine, as has been shown 
by Newell and Allen, and by Scupham or by the administratio7i of 
acetyl-beta-methylcholinc as has been shown by Goldsmith. Ethyl alcohol 
can be administered oi'ally in oi’ange juice or ginger ale, in doses of about 
0.5 c.c. for each kilogram of body weight. The vasodilating effect of 
theobromine probably is too weak to be of 7iso in sudden arterial occlu- 
sion, but the drug may be given by mouth in doses of 20 grains (1.3 
gm.).’^’’" Aeotyl-beta-mothylcholine should bo administered by mouth 
in doses of 1 to 1.5 gm. AVe do not Iniow tbe ideal dosage of papaverine 
hydrochloride: we have injected as much as 4 grains (0.24 gm.) sub- 
eutancoiisly and as much as 0.5 grain (0.032 gm.) intravenou.sly in cases 
iji which patients did not have vascular diseases, and these doses did not 
produce untoward effects of any importance. As a routine procedure it 
appeals; advisable to adniini.stcr 0.25 grain (O.OKJ gm.) of papaverine 
hydrochloi-ide intravenously, and to double this amount in thirty minutes 
if evidence of vasodilatation does not occur and if untoward effects are 
not noted. Injections can be repeated as needed if the first or .second 
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one causes an increase in circulation to the extremity. At present our 
opinions regarding the efficacy of papaverine are suh jiidicej further 
observations are needed. If a machine, such as the ones constructed and 
described by Reid and Herrmann, by Landis and Gibbon, and by Krusen, 
is available, it should be used promptly, either alone or in combination 
Tvith the vasodilating drugs indicated. Spinal anesthesia maj' be^ ad- 
ministered if the arteries of the legs are occluded and if the condition 
of the patient warrants it. Emmett has shovm that maximal vasodila- 
tation in the lower extremities follows this procedure. Theoretically, 
anesthetization of the brachial plexus should induce increased blood 
flow to the upper extremities. The artiflcal induction of fever by the 
intravenous injection of typhoid vaccine causes peripheral vasodilata- 
tion, as has been shown by Brown and others,"* although its use in in- 
stances of sudden arterial occlusion is open to question because of the 
unpleasant side effects. Some of these unpleasant effects may be avoided 
by the artificial induction of fever by the intramuscular injection of 
sulphur in oil, which lilvevisc produces vasodilatation, although pain 
at the site of injection may be severe.-® Sympathectomy ordinarily is 
not indicated because it is a major surgical procedru'e and because the 
same results can be obtained temporarily with some of the methods which 
have beerr described. 

Much that lias been said about treatment is tlieoretical, but logical and 
true evaluation will depend on repeated clinical observation. Oppor- 
tunities for this are rare as one seldom has the opportunity to treat a 
patient shortly after a main artery has been occluded suddenly. It may 
be well to theorize as to why prompt treatment is advisable. It has been 
Iviiomi for a long time that the number of cases in which embolectomy is 
successful is inversely proportional to the time elapsing between the on- 
set of embolism and the surgical procedure. The reason for this is not 
entirely clear, and it is not entirely clear why treatment must be prompt 
to be valuable in arterial thrombosis which occurs suddenly. It is cer- 
tain, however, that failure to relieve spasm or to induce arterial dilata- 
tion, after either of these conditions occurs, leads to profound ischemia 
of the limb in most cases. If iscliemia persists for several hours, it ap- 
pears that the intima of botli arteries and veins is so badly damaged 
tliat, when vasodilatation is accomplished, widespread vascular throm- 
bosis occurs and iscliemia becomes pennanent instead of transient, as it 

would if vasodilatation had been induced soon after sudden arterial oc- 
clusion had occurred. 

CONCLUSIONS 

1. Arterial thrombosis may occur suddenly as a primary clinical mani- 
festation of thromboangiitis obliterans. This situation occurred in 11 
of our series of 255 eases, or, roughly, in 4 per cent. Hone of the patients 
were under our observation at the time occlusion occurred. Amputation 
was eventually necessary in two cases (18 per cent). 
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2. Arterial thrombosis may occur suddenly in the coui-se of ^vell- 
developcd thromboangiitis obliterans. This situation occurred in fifteen, 
or 6 per cent of our series of 255 cases. Only Uvo of the patients were 
under our observation at the time occlusion occurred. Amputation of a 
leg was subseciuently nccessaiy in 10 cases (66 per cent). 

3. Treatment, which should be begun promptly, consists of relief of 
pain, avoidance of bimiing the limb, and the relief of arterial spasm, or 
the induction of vasodilatation, by means of drugs, intermittent negative 
and positive pressure, artificially induced fever, or anesthesia. 
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DtlETASTATIC CARCINOMA OF THE HEART 

A CxiSE Presenting Auricular Flutter, Symptoms of Coronary 
Thrombosis, and Congestive Heart Failure* 

Oscar Auerbach, M.D., Harry Epstein, M.D,, and Harry Gold, M.D. 

New York, N. Y. 

^ARCINOMA of the heart is nsualiy metastatic, and in most cases 
the symptoms due to the primary process, or other metastases, are 
so conspiciTons in the clinical course of the patient that it proves difficult, 
even in retrospect, to ascertain tlie part played by the involvement of the 
heart. The case reported here is one of bronchogenic carcinoma, in which 
symptoms and signs produced by the metastasis to the heart dominated 
the clinical course. The ease provided an interesting diagnostic problem 
inasmuch as a hemorrhagic pericarditis due to malignancy of the peri- 
cardium appeared to be the cause of symptoms suggesting both an acute 
surgical condition of the abdomen and acute coronary thrombosis. It is 
also noteworthy for several other characteristics that are among the less 
common findings in metastatic carcinoma of the heart. 


case report 

fftsforj/.— The patient, P. S., was aOmitted to Sea View Hospital, April 4, 1934. 
He Avas a white male, German by birth, aged forty-nine years. He was a chauffeur. 
IS ami j iistoiy uas negative. His past history was also essentially negative 

2 body ntigtr^' ''' maintained 

illnet"utur2^i'’^ beginning of any sjunptoms or signs of 

peXds af A w' «'«^ths, and this can be divided into four 

peiiods. (1) A period of five months in which the chief symptoms were tliose of 
peptie_ ulcer (from xNovember, 1933, to April, 1934). (2) A neiTnrl nf if T i 

Marl't I 934 quantities of blood from time to time (from 

hemoptjis occurred ^rS 2'y ^25, S 

u the fiist period of five months lie suffered pain in the Icff l i i • 
curring in episodes and relieved bv food A f ^ lupochondrium, re- 

uleer. He was refuLroperS fm- Ze • 

Higns suggesting tuberculosis, for ^vhich he 22 "IdS? ^ 

Physical Examination.-~The patient waa 11 , Hospital, 

no signs o, nente iltaess. His 

4G7 
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it jiii'rea?cd to 158, riud agjiin. declined to 151 pounds. A general physical examina- 
tion yielded essentially negative re.sults, except for the signs in the thorax and 
abdomen. The lungs showed bronchovesicular breathing, with fine rfilcs over the 
right upper lobe. The heart was moderately enlarged. The heart rate was 
SO a minute. The rhythm was normal. The sounds were of normal quality. 
There were no murmurs. The blood pressure was 130/90. The abdomen showed 
slight tenderness in the right lower quadrant and in the epigastrium. 

The urine showed a faint trace of albumin with occasional white blood cells and 
epithelial cells. The blood Wassermann reaction was negative. The blood count 
showed the following: Red blood cells, 4,-170,000; hemoglobin, 80 per cent; poly- 
morphonuclears, 61 per cent; IjTnphocj’tes, 28 per cent; monocyte.s, 7 per cent; 



Fija 1 . — ^RoentUenoKram tsikcn April 1C. 1931. Note lesion In right .-ipex with dis- 
placement of tr.'ichca and mediastinum to tlie right; also e.sscntlally normal cardiac 
shadow. 


nonsegmented polymorphonuclear.-:, 1 per cent; eosinoplules, 2 per cent; basophiles. 
1 j)er cent. The .^-edirncnt.'ition nite of red blood cell.s was -t? iiirn. in forty-five 
minut<'s. 

Thr? x-ray examination of the ga.^-trointestinal tract revealed an irregular filling 
of the cap and confirmed the diagnosis of peptic ulcer. The .x-niy film of tlic thorax 
showed retraetion and atelectasis of the right upper lolx; with shifting of the trachea 
and inodin.stinum to the right (Fig. 1). Thi.s was inteqtreted as an end-stage of a 
i-nsecnis pneinimnic lultercubnis lesion. The results of repeated sputum examintitions 
were negative for tubercle haeilli. The patient refu.'^ed a bronchoscopic examination, 
and with tlic f.acts at h.and the ditignusis of fulK-rculosis could not Ik* c."tablishcd, 
nor the possilnlity of rna lig'ii a n<-y i-.xcJuded, 




469 


AUERBACH ET AE. : 


aiETASTATIC CARCIKOJIA OF HEART 


CoHrse.— His only C'ompluiiits in the first seven weeks nfter his adnussion were 
those which were interpreted as due to the peptic ulcer, namely, pain in the 
epigastrium coming on an hour after meals and relieved by food, and from time 
to time vomiting of blood-tinged material. The patient received a Sippy diet and 
moderate improvement ensued. He then began to cough up small amounts of 
material with bright red blood intimately mixed with the sputum. This subsided 
after six days, following which he remained practically symptom-free for ten weeks 
(from May 31, 1934 to Aug. 15, 1934). 

He was being considered for discharge from the hospital when the terminal 
episode started. There was a sudden severe attack of pain in the epigastrium ivith 
persistent vomiting for more than forty-eight hours. Two days following the onset, 
the patient looked extremely ill. The extremities were cold and clammy. The heart 
sounds were of poor quality and the rate very rapid. By the third day a friction 
rub was heard in the fourth intercostal space to the left of the sternum. An elec- 
trocardiogram showed a right axis deviation and auricular flutter with a 2:1 A-V 
block and a ventricular rate of 176 a minute. Marked rigidity was noted in the 
epigastrium and right upper abdominal quadrant. There was a rise of tempera- 
ture to 100.4° F. The blood pressure throughout this period continued unchanged, 
namely, between 126/84 and 134/96. On the fourth day a sinus rhythm vritli a 
rate of 90 a minute had replaced the flutter. Diffuse signs appeared throughout 
both lungs — sibilant, sonorous, and fine moist rales. On the seventh day an area 
of localized swelling was seen on the right side of his neck due to a venous throm- 
bosis. The electrocardiograms taken on the fifth and seventh days were similar 
and showed a sinus rhj-thm of 90 a minute, right axis deviation, and cove-plane 
T-wares in Leads I and IL There was no displacement of the B-T segments. 

His condition became progressively worse. Heart failure with congestion de- 
veloped; the liver became enlarged: edema appeared in the right side of the thorax 
and in the sacral region; and a right hydrothorax developed. The heart sounds 
grew barely audible. The temperature rose to 101° F. The white blood cell count 
rose to 17,850 with S3 per cent poljTnorphonuclears on Aug. 27, 1934. He died Aug. 
28, 1934, thirteen days after the first appearance of symptoms referable to the heart. 

The severe abdominal pain with vomiting, fever, and musciilar rigidity, and the 
history of peptic ulcer, directed attention to a possible acute surgical condition of 
the abdomen. The signs of shock, the auricular flutter, the pericardial friction rub. 
suggested, on the other hand, a coronary thrombosis with symptoms referred to the 
right upper abdominal quadrant. This received some support from the electro- 
cardiograpiiic abnormalities seen when the normal sinus rhythm was reestablished. 
These and other diagnoses were entertained. The post-mortem e.xamination failed to 
sustain them. 

Autopsy. The significant findings in the., post-mortem examination were as fol- 
lows: 


1. A radial scar of a healed peptic ulcer was present in the duodenum just 
beyond the pylorus. 

2. There was a right pleural effusion of 3,000 c.c. of pale 3 -ellow fluid. 

3. A carcinoma involving the right main bronchus and the right' upper lobe 
bronchus was found, with invasion of most of the right upper lobe. It invaded the 
right lower lobe posteriorly by ljunphatic e.xtension. The middle lobe was com- 
pressed but escaped metastasis. 

4. There was no gross metastasis to the left lung, but in the microscopic examina- 
lon small areas of tumor cells in the lymph spaces were found in the pleura of the 

left upper lobe. There was a thrombosis of a fairly large vessel in the 

of the left upper lobe, with pulmonary infarction. The infarction mav have been 

llrthe Lck™*' to an embolus from the venoul- thrombosis 
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5. In the microscopic examination, llie superior and inferior tracheobronchial 
nodes proved to bo involved extensively. 

0. There was a very dark, almost black, bloody, pericardial effusion of 300 c.c. 
Both layers of the pericardium were greatly fliickened, especially the parietal, and 
their endothelial surfaces over all the chambers were studded with numerous in- 
durated yellowish nodules about 3 to 2 mm. in diameter, covered by smooth, shining 
membrane (Fig. 2). The heart with the pericardium weighed oSo gm. and without 
the parietal pericardium, 250 gm. The appearance of the endocardium was normal. 
The aorta showed a few atlieromatous plaques. Similar plaques were also present 
at the mouths of both coronary vessels but did not, however, reduce the size of 



Kip'. 2. — rost-niorleni iijU'earance ol lif-arl and portc.ardlum. Note reUitlve tlilcUncss 

of rnyocardiuin and pericardium. 

the lumen appreciably. A careful .••earch of the coronary vcs.'-cls dis<do.‘-ed moderately 
advanced sclerosis of the a.rteries, but failed to reveal any llirombosis or areas of 
ray<Kardial infarction. 

7. The remainder of the complete pathological examination was substantially nega- 
tive, except for those changes seen in congestive heart failure. The liver and 
spif-f’n were mo<Icrate!y enlarged, tiie former v.'cighing ],Ktdi grn., and tlie latter 125 
gas. 

Tim liudignant ti-sne was squamous cell earcinomn. Fifty slides of tissue frotn 
tire lu-art .and the pericardium were e.xninined, and in 31 .several areas of sections 
from representative portions were in'-pected mirro-copically by each of three ob- 
.'ervers, v.ho isade indej>.7ndent e.-fimates of the amount of malignant tisstie in a 
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given area. The agreement between these estimates was usually very close and the 
averages were recorded. Malignant tissue was found to represent approximately 
0 to 85 per cent of the cells seen in sections of the pericardium from various portions 
of the auricles and ventricles. In very few of the slides were malignant cells found 
in the myocardium. These areas were small, involving only about 5 per cent of the 
areas of the muscle examined, and, with only one exception, adjacent to the peri- 
cardium. In one slide of the interaurieular septum about 60 per cent of the field 
represented malignant tissue. 

COMMENT 

The noteworthj- cliaraet eristics of tliis case may be considered briefly 
as follows ; 

1. Tliere was extensive invasion of tlie parietal and visceral peri- 
cardium, the m.yoeardium remaining almost free from malignant tissue. 
The escape of tlie myocardium in cases in which both layers of the peri- 
cardium are extensively involved is an unusual finding. One such ease 
was published by Campagna and Hauser.^ 

2. Since the tumor tissue in the pericardium was confined to the 
lymphatic spaces, there can be little doubt that the metastasis occurred 
through the l 3 Tnph vessels. Except for those cases in which the heart 
is invaded by direct extension from massive thoracic malignancies, 
metastasis to the heart, in the majority of cases, is believed to take place 
through the blood stream.^* ® 

3. The hemorrhagic pericardial effusion found at autopsy in this case 
is also an unusual finding in metastatic carcinoma of the heart. Usually 
metastatic carcinoma of the pericardium fails to produce an eff’usion of 
any kind.’^ However, when a hemorrhagic pericardial effusion is dis- 
covered during life, it provides fairly strong evidence of pericardial 
malignanc}’.^ 

4. Auricular flutter is also rare among the cases of carcinoma of the 
lieart. Fishberg= recently reported three cases of auricular fibrillation 
and flutter in which tumor tissue infiltrated the auricular wall through 
to the endocardium. In our ease the tumor tissue in the auricular muscle 
was confined to small groups of cells in the interaurieular septum. The 
mechanism by which malignant tissue gives rise to auricular fibrillation 
or flutter is obscure. It seems likeh^ that if a mechanical factor is re- 
sponsible, it operates through interference with the circulation to the 
auricular musculature, since the abnormal rhjdhm maj* be paroxvsmal 
(as in our case and in two of the three eases reported by Fishberg). 

5. Thoracic pain is fairly common in patients with cardiac malig- 
nancy. It is usually impossilile, however, to ascertain whether the pain 
is due to the involvement of the heait or of other mediastinal tissues. 
One of Fishberg s patients’^ suffered an attack of substernal pain at- 
tended by other .symptoms which suggested coronary thrombosis. At 
nuiopsy, tumor tissue was found completely surrounding the circumflex 
brancli of the, left coronaiy artery, narrowing its lumen, and this was 
suggested ns the possible cause of the attack of pain. In our patient 
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the hemorrhagic pericarditis appears to be the most likely explanation 
of tlic sudden attack of pain -with signs of circulatory collapse and 
anricnlar flutter, \Yhieh had the clinical appearance of a coronary 
thrombosis or, because of the location of the pain, an acute surgical con- 
dition of tlic abdomen. The only other possible explanation found at 
autopsy is the infarct in the upper lobe of the left lung. This undoubt- 
edly contributed to the fatal outcome but seems less likely as the primary 
cause of an attack of pain with muscular rigidity in the right upper 
abdominal cpradivant. 

An early reviewer of the subject of cardiac malignant disease^ called 
attention to the surprisingly good functional cairaeity of the heart which 
is the seat of extensive iirvasioir by malignant tissue. In our case, ex- 
tensive involvement of the visceral and parietal pericardirrm covering 
all the chambers prevailed, without any appreciable cardiac insufliciency. 
Hamilton® reported a case in which the myocardium was almost com- 
pletely replaced by malignant tissue, with relatively mild disturbance 
of the circulation. These serve to illustrate the large margin of safety 
in the heart muscle against gradually applied mechanical obstables, pro- 
vided the muscle remains free of toxic influence. It presents a marked 
contrast to the rapidly failing licart in toxic states in which serious im- 
])ainnent of the functional capacity of the heart occurs, when relatively 
little gross stmctural change is in evidence. 

The course of cancer of the heai’t is likely to be fairly rapidly fatal, 
however, after the beginning of sj.Tnptoms referable to the heart. In our 
case, death occurred with eonge.stive heart failure within thirteen days 
after the onset of cardiac symptoms. 
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OAEDIAO IMETASTASIS FROM CARCINOMA OF THYROID " 

jV'Iendel Jacobi, M.D., Brooklyn, N. Y., and Joseph Seltzer, M.D., 

Montreal, Canada 

C ARCINOMA of tiie thyroid gland is not a rarity and is often diag- 
nosed clinically before metastases occur. Occasionally distant 
metastases, especially in bone, focus attention on the thyioid as the 
primary source. Of such metastases, described in many organs, the 
rarest seem to be those to the heart. A careful review of the literature 
revealed but twelve cases. To these we add one which recently came 
under our observation. 

report op case 


On July 18, 1935, K. 0., female, aged sixty-nine years was admitted to the 
Home for Incurables complaining of pain in the right hip and inability to move 
her right leg. , 

Family history was negative. Twenty-eight years before patient had had' 
panhystcrectomy for metrorrhagia and menorrhagia; three years before she had; 
had an attack of cardiac decompensation. 

One year before admission, onset of pain in the right hip, concomitant weak- 
ness, loss of weight, and belching after eating. One month later swelling and 
pain in the left aiikle developed. Ten days before admission .she, felt her right- 
leg snap at the hip without associated trauma and was unable to move her leg- 
No complaints referable to the thyroid; no swelling or lump was ever noticed: 
by her. 


Physical examination revealed a thyroid moderately enlarged to the right, 
somewhat firm; bronchial breathing in the right lower interscapular region with 
rales at both bases; right leg shortened, mobility preternatural at tbe right hip 
which was thicker than the left hip; swelling of the left ankle. 

X-ray films showed fracture of right femoral neck with absorption of the outer 
half of the neck and all of the greater trochanter. Jiist above the left ankle 
joint the bones of both tibia and fibula were absorbed almost completely for al- 
most one-fifth of the calf length. Bence-Jones protein was found in the urine. 
Blood count was 3,800,000, B.B.C.; hemoglobin, 60 per cent; 9,400, W.B.C.; lympho- 
cytes, 35 per cent; eosinophiles, 3 per cent. 


She became rapidly and progressively weaker, lost weight, and died two months, 
after admission. 

The clinical impression was metastatic malignancy, primary foens uncertain. 
Both gastrointestinal tract and thyroid were considered as primary foci. 


_ Antoimj.-Tho thyroid was completely replaced by a firm mass in tbe right' 
side of the neck and in midliue, not compressing the trachea and-easily separated 
■ measured G by 4 by 2 cm. and was covered by a capsule^rhich was 
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atllicrcnt to the surrounding fascia. On section a lobulated pinkish yellow homo- 
geneons tissue bulged over the cut edge. There were small remnants of com- 
pressed beefy granular tissue containing calcific material at both upper and lower 
poles. Toward the right of the thyroid was found a large gland, 3 by 2 by 2 
cm., its parenchyma completely replaced by tissue similar to that in the thyroid. 
Thyroid veins, jugular, subclavian, and innominate veins and superior vena cava 
were not grossly involved by tumor or thrombi. 

The right pleural camty contained 250 c.c. of a thin brown fluid and voil-like 
adhesions attached the lung to the anterior parietes and diaphragm. Both lungs 
presented a diminution of crepitation, edema, and a diffuse infiltration with small 
pink homogeneous nodules. The latter were prominent in the lower lobes and 
projected to the pleura. The right lower lobe was atelectatic and contained a 
great number of nodules. 

The pericardial sac contained little serous fluid. The musculature was pale and 
flabby, and both ventricles were somewhat dilated. The right ventricular walls 
measured 0.4 cm. in thickness, and embedded in the right lateral wall, 3 cm. 
above the apex, was a spherical nodule. The nodule was of homogeneous pink 
color, measured 1 cm. in diameter, and reached to, but did not perforate, the en- 
docardium. Thin musculature and epicardial fat bounded the nodule laterally. 
No other gross pathology was present. 

There was no increase in peritoneal fluid. The liver presented accentuation of 
the central veins. On the upper right surface two small pink nodules projected 
through the peritoneal lining, one of which was umbilicated. Both nodules ■were 
soft and were surrounded by a narrow hemorrhagic zone. 

In the lower pole of the right kidney a nodular mass occupied the parenchyma 
from the pelvis to, and causing bulging of, the capsule. The structure was similar 
to the other nodules except that radial striations were noted. Otherwise both 
kidneys were pale and unaltered. Uterus and adnexa wore absent. The remain- 
ing abdominal organs merely showed cloudy swelling. 

The head of tlie femur was freely movable from the neck and partially sur- 
rounded by a soft, slight, gritty pinkish white mass which replaced the neck, 
trochanter, and part of the upper shaft. Both marrow cavity and bone were 
replaced by this soft tissue nias.« (> cm. thick and lined externally by a thickened 
continuation of the periosteum. The mass extended 8 cm. below the head of the 
femur, and the marrow cavity was red for 9 cm. belov.' this level. The center of 
tho growth was necrotic. The cortex immediately below the mass was sclerotic 
and widened to O.G cm. The left ankle presented a complete replacement hy a 
similar growth in the lower fifth of the tibia and fibula. 

Microscopic JSxamination . — The thyroid mass consisted of lobules separated 
by thick hyaline conn<’Ctivc tissue. The lobules contained slicets of cells xsdth- 
ouf arrangement, columns of cells with oce.aKionnl irregular gland formation, 
and many group.s of acini containing acidophilic cytoplasm and moderately hyper- 
chromatic large oval nuclei. Occasional mitotic figures were demonstrable. Vas- 
cularity was pronounced and venules occasionally pro.«ented a partial lining by 
thyroid cells. An occasional plug of thyroid cells was found ivithin the Itimina 
of veins. No capsule was dcmonstTublc, the glandular tissue invading the fibrous 
tissue in the neighborhood. 

The hnnph gland to the right of tho thyroid was completely replaced by similar 
thyroid tissue, but tho capsule wa.s not invaded and the interlobular septums 
%verc thin. All the nodules gro.s^ly visible crinsisted of thyroid acini in more or 
Ic.'ts irregular fonnntion containing colloid. 
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- In the lower and nuddle lobe of the right lung, thyroid tissue occupied as 
spaoe as the lung parenchyma. The alveoli were atolectatro, 
their pMallel comprossccl arrangement poorly developed psendocapsnIeB for the 
■thyroid growths, no fibrous tissue reaction occurring. The right upper lung con- 
tained several scattered nodules, the alveoli were emphysematous and contained 

albuminoid transudate. 



jETig-. 1.. — photomicrograph of thyroid nodule in the myocardium. The atrophic heart 

muscle appears at the upper riglit. 



Photomicrograph of thyroid nodule in the subendocardial tissue. Note 
_ thicuened endocardium in the right midfield covering the metastatic tissue. 


the 


- The left lung presented a similar picture, though not so pronounced. ■ In both 
lungs the tiny nodules were demonstrable within the alveoli attached to alveolar 
septums in direct relation to the capillaries. Both lungs were intensely congested. 

, The heart muscle presented a slight patchy fibrosis and slight intimal thicken- 
ing of the smaller coronary arteries. The nodule consisted of thyroid tissue with 
no lobular arraugemeht other than suggested by strands of hyalinized muscle fibers 
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caught in tlie growTh. Acini infiltrated the surrounding muscle fibers, which were 
thinned and degenerated. The endocardium, though bulging, ■was thickened and 
not infiltrated. 

The liver nodules consisted of thyroid acini, mostly small, without colloid. The 
.surrounding liver cords ■^vere degenerated, compressed, and infiltrated by the 
glands. No fibrous tissue reaction had occurred. Otherwise the liver cells were 
hazy and granular. 

The kidney parenchyma was comprcs.sed and infiltrated by the nodule of thy- 
roid acini and cords of cells. !Modcratc fibrosis and round coll infiltration oc- 
cupied the surrounding degenerating kidney substance. An occasional interlobar 
artery contained tumor emboli. The tubular epithelium ■was hazy and granular. 
An occasional interlobular artery presented intimal thickening, with narrowing 
of lumen and shrinking, even fibrosis, of the glomeruli. The spleen presented a 
hyperplastic splenitis. The adrenals and pancreas ■were unaltered. 

The neck of the femur ■was occupied b}' thyroid tissue similar to that in the 
primary growth. Bits of bone were scattered in the mass, and larger necrotic 
areas were present deeper in the growth. The periosteal lining of the mass 
was thick, fibrous, and dense. The cortex adjacent to the growth consisted of 
dense, thick trabeculae of bone with relatively few cells. The medulla below 
the growth consisted of hyperplastic hematopoietic marrow, especially pronounced 
around neoplastic nodules. The left ankle presented a similar microscopic iiicturc. 

Diagnosis. — 1. Adenocarcinoma of the thyroid infiltrating the surrounding tis- 
sue, metastasizing both by lymph and blood stream. 2. Bight-sided serofibrinous 
pleurisy. 3. Bight lower lobe atelectasis. 4. Cloudy swelling of parenchymatous 
organs. 

The clinically relatively slight enlargement of the thyroid, and the absence of 
other evidence pointing toward the thyroid, were features. This, together with 
the gastrointestinal complaints and the presence of Bence-.Tones protein, i)rc- 
vented the clinicians from arriving at a definite diagnosis. 

Pathologically the main features were the relatively small primary growth, 
associated with numerous vascular metastases, the intense seeding of both lungs, 
the unusual myocardial metastasis, and the large growths in the lower extremities. 

COMMENT 

The .kludy o£ nielastases of earcinonias oi! the thyroid has occupied 

the attention of many aulhor.s in extcn.sivc reviews (Wegelin,^ Barthel,* 

Ehrhardt,^ Smith'*). The conclusion generally reached is that invasion 
of the heart constitutes a rare finding, most revietvers liaving come 
across single cases in the literature. 

Likewise carcinoma metastatic to tlio heart has been intensively ro- 
vieivcd (Gohlstein,*' Yater,'’' Morris," Burke,* Ewing,” AYhitc’”). In 
the.se reviews, though stating the possibility of primary source in any of 
the parenchymatous organs, the thyroid is not included in the enumera- 
tion. Metastatic carcinoma to the heart i.s so infrequent as to occasion 
interc.st and comment on its di.scovery. Nieholls** in 1927 reviewed 

.‘lO.ySO eases of careinoma ])roved by autop.sy. He found cardiac 

meta.stases in 109 case.s, i.e,, in 0.28 per cent of careinoma,” 
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Nevertheless, a thorough search in the literature reveals a number of 
cases of cardiac invasion secondary to primary carcinoma of the thy- 
roid, most of which are not listed by the reviewers. 

Carcinomatous involvement of the heart from a primary neoplasm in 
the thyroid gland is of two types. In the first type, the right cardiac 
chambers are filled, to greater or lesser extent, by tumor thrombus 
reaching them by direct extension from the thyroid veins by Avay of the 
superior vena cava. This tj^’pe more properly should be called neoplastic 
thrombosis rather than cardiac metastasis. In such instances the symp- 
toms and signs are those of venous obstruction particularly in the head 
and neck, sudden dyspnea, and general venous stasis in the peripheral 
circulation. Death ensues in a manner similar to that in cases of mas- 
sive pulmonai*y embolism. Of this type the following cases are recorded. 

Kaufmann^" described the case of a fifty-eight-year-old female with 
a goiter of tiventy-eight years’ duration. She suddenly developed diffi- 
culty in breathing and swallowing and edema and cyanosis of her face, 
upper extremities and chest ; she died six months after the onset of the 
initial symptoms with the picture of acute obstruction of the pulmonary 
circulation. Autopsy disclosed a massive carcinomatous replacement 
of the thj’Toid. The neoplasm extended into the thyroid veins. Tumor 
thrombus filled the jugular and subclavian veins and the superior vena 
cava. The right auricle was completely filled with tumor thrombus; 
there was no invasion of the myocardium or endocardium. The cer- 
vical and mediastinal lymph nodes contained tumor; metastases were 
present in the lungs. 

Holt’s case^^ was that of a seventy-two-year-old male with Imoum 
thyroid tumor of one j'^ear’s duration. The th;^n:oid mass had receded 
for two years following radiation therapy, but for a year there had been 
respiratory distress, slowly increasing cyanosis of the head, neck, and 
right arm, and edema of the legs. Attacks set in and rapidly increased 
in frequency and severity during the last three months, concomitantly 
the cyanosis becoming more intense. Death ensued in such an attack. 
Heart sounds, rate, and blood pressure were always normal. At autopsy 
the tliyroicl was found replaced by a firm tumor that extended into both 
nmominate veins, filled the superior vena cava and right subclavian and 
internal jugular veins, and entered the right auricle. This cavity was 
filled with a polypoid tumor thrombus w^hich was adherent to but did 
not infiltrate into the endocardium. There were no other metastases. 
Sections of thyroid and thrombotic mass were composed of adenocar- 
cinoma. 

■Wylegschanin^-^ re]mrted the case of a fifty-two-year-old female who 
suddenly developed difficulty in breathing; a cough; a feeling of pres- 
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sure over the heart; edema of face, arms and abdomen; and cyanosis. 
Tliere was a known thyroid enlargement of many years’ duration. Tlic 
lieart sounds were muffled ; the heart was not enlarged clinically. Death 
ensued one year from onset of respiratory distress and formation of 
mass in the neck. At autopsy, the lungs were markedly collapsed and 
congested, the lower lobes completely atelectatic; there Avas a large bi- 
lateral bloody pleiH’al effusion. The pericardial sac contained 150 c.c. 
of clear fluid. The heart Avas enlarged by a marked dilatation of the 
right auricle and, to a lesser extent, of the right ventricle. This auricle 
was completely filled by a large tumor mass adherent to the posterior 
AA’all at the sino-auricular junction, but extending thence backAvard into 
and almost filling the superior A'cna cava, intomal jugular and in- 
nominate and subclavian veins to the thyroid ; even the vena azygos 
contained a thrombus. In the right A'entricle a feAV small thrombi Avere 
loosely adherent to the endocardium betAvecn the trabeculae and behind 
the posterior tricuspid leaflet. Tiie thyroid Avas conA'crted into a dense, 
firm, gray Avhite mass, sections of AA'hich, as Avell as sections of the 
thrombi, Avere composed of compact masses of irregularly cubical epi- 
thelium in places forming irregular and incomjilctc acini containing a 
little colloid. Tlierc Avcrc local lymph gland metastases and inA*asion 
into the sternothyroid and sternohyoid muscles ; there was no extension 
into the endoeai’dium and no pulmonary or distant visceral metastases. 

l^Iencarelli’' reported the ease of a fifty-sevcn-year-old male Avho .sud- 
denly developed cyanosis and edema of the face and upper extremities. 
There were no cardiac symptoms or symi)toms referable to the thyroid 
gland. Deatli ensued shortly after admission to the liospital, Avitli the 
picture of acute edema of the lungs; total duration of symptoms from 
the onset Avas less than tAvo months. At autopsy a large tumor Avas 
found I'cplaeing the thyroid gland and extending for some distance up 
and doAvn the neck beyond the gland ea))sulc. The right internal jug- 
ular vein AA’as completely filled by a .soft red yelloAv tumor thrombus. The 
innominate A'eins and superior A'cna ca\’a were not grossly iuA'oh'cd. 
The right auricle n-as dilated and hypertrophied. The right ventricle 
AA'as filled by a tumor ma.ss G by 4.5 cm., adherent to the anterior and 
posterior Avails but not extending into them. There Avas only a small 
residue of ventricular lumen remaining on the anteromedial aspect be- 
tAveen the interventricular A\-all and thrombus. The thrombus rai.scd 
the tricuspid valve cusps so that they Avere in the position of closure 
and in contact. There Avere multiple tumor nodules in the lungs and 
one in the right kidney. All the vi.scera sliowcd acute pa.ssiA’c conges- 
tion. Histologically the thyroid tumor, venous and cardiac thrombi, 
and pnlmonary and renal metastase.s Averc compo.sed of massc-s of ana- 
plastic and giant rgulhelial cells; a tendency to aeinar arrangement Avas 
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present, but there was no colloid. No arteries, even to precapillary size, 
were invaded. The thyroidal vennles were extensively invaded and 
filled with tiunor thrombi. 

The second tj^ie of cardiac involvement is truly metastatic in char- 
acter. In this tjTie the thju’oidal veins may be invaded, but this is a 
microscopic finding. There is no dilatation of the cervical veins or the 
vena cava and no tumor or other thrombosis ; nor do the cardiac cham- 
bers contain tumor thrombi. Metastatic foci are widespread throughout 
the body, involving especially the lungs and kidneys. In the heart the 
metastases are frequently deep within the ventricular musculature or, 
less frequently, the auricular musculature, but they maj* reach the endo- 
cardium. There is no recorded ease of perforation through the endo- 
cardium, although there may be a reactive thrombo-endoearditis. In 
two instances foci were present in the interventricular septum.^®’ 
There is a longer interval between the initial symptoms and death. At- 
tention is usually focused either on the thyroid tumor or, more often, 
on the bony metastases. Cardiac sjunptoms are lacking in the recorded 
cases ; there is no record of electrocardiographic studies. Such dyspnea 
as is present is not associated with cyanosis or edema and seems to be 
due entirely to local pressure on the trachea or larjnix. Of this type, of 
which our case is an example, the following cases are recorded : 

Berard and Dumet 's ease^° occurred in a fifty-eight-year-old male. No 
elmical history is appended. In the heart muscle were two nodules 
near the apex, the one in the right ventricle dipping deeply and extend- 
ing to the endocardium, which was covered locallj’' by a noncarcinoma- 
tous vegetation. In the left ventricular myocardium was a small sub- 
endocardial node. Metastases were present in the lungs, kidneys, and 
regional lymph nodes. 

Van Straaten^' reported a case in a fifty-five-year-old male with a 
seven-month history of enlargement of the neck, associated with pain 
locally and with ulceration (of the skin?). At autopsy metastases were 
recorded in the heart muscle, lungs, liver, and Iddneys -without further 
details. He further tabulated a series of thirty-five cases of carcinoma 
of the thyroid from Kundrat’s Institute in Vienna, in which one case of 
myocardial metastasis occurred. No further details are given. 

Ehrhardt® tabulated a series of 131 cases of carcinoma of the thyroid 
from Berne, lilyoeardial metastasis occurred once and pericardial 
metastasis once. No further details were recorded. 

Thomsen^® reported the case of a forty-year-old man with thyroid en- 
largement of four years’ duration. Partial thj^roidectomy was per- 
formed, the man living four and one-half years thereafter. Death was 
occasioned bj’- the severe cachexia that developed. At autopsy there was 
found an adenocarcinoma involving the entire thyroid. There was pres- 
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sure on and invasion of the tracheal wall. The thyroidal veins were 
filled (microscopically) with tumor thrombi. In the left ulna, at the site 
of a previous injury, was a metastatic tumor growth the size of a child’s 
head. Five pea-sized metastatic tiimor nodules composed of thyroid 
carcinomatous alveoli surrounded by a fibrous capsular-like structure 
were found in the heart. Two were situated cndocardially in the left 
ventricular apex between the trabeculae, one in a similar location in the 
right ventricle, and one deep in the left ventricular apical myocardium, 
also one in the right auricular endocardium. Numerous metastases wore 
present in the skin ; each was ulcerated, 

Eisen’s case^'’ occurred in a fifty-lwo-jmar-old woman with dysphagia 
and a sense of a lum]) in the neck for two years. During the next year 
pains developed all over the body ; a mass was found in the right breast, 
right hip, and right frontal region. A cord and mass slowly and pro- 
gressively grew in the left cervical region and right axilla. The left 
eyeball progressively became more protuberant; a left primary optic 
atrophy developed. Death ensued two years after the onset of symp- 
toms. At autops}^ the thyroid was found replaced by an adenocar- 
einomatous tumor. Metastases were present in the limgs, liver, pan- 
creas, kidneys, long bones and spinal column, right adrenal gland, left 
orbit, and the dura of the middle fo.ssa. In the heart were several small 
polypoid nodular excrescences on the endocardium and between the 
X)ectinate muscles; these, composed of tissue similar to that of the thy- 
roid tumor, involved the endocardium but. did not invade the myo- 
cai’dium. One nodule, of unrecoi'ded size, was found in the interven- 
tricular .septum 2 cm. below the aortic leaflet. It lay between 
endocardium and myocardium and did not invade cither structure. 

Kopelowitselu® recorded the ca.se of a fifty-two-year-old female with a 
known goiter of nine years’ duration. Menopause occurred at fifty 
years, and about one and a half years thereafter there occurred a sud- 
den, rapid diffuse growth of the goiter resulting in i)re.ssurc on the 
trachea and csojihagus. The heart was somewhat enlarged, the .sounds 
were muffled, and a .systolic murmur was present over the entire pre- 
cordium, especially over sternum and aorta. Blood pre.ssiU’C and pulse 
rate were not altered. Biopsy disclosed a carcinoma of the thyroid. 
Death ensued two months after the onset of .symptoms. Autopsy revealed 
a large adenocarcinoma of the thyroid with mcta.stasos to the cervical 
and bronchial lymph nodes, the lungs, and left kidney. In the heart 
there was a large tumor nodule in the right ventribular myocardium, 
extending from the coronary sulcus to the ventricular ajiex and bulging 
into the ventricle but not i)erforating the thickened endocardium. Two 
small nodules were ])rcsent deep in the right posterior V(*nfricular myo- 
cardium, and one in the midintoi-ventricular se])tum. The ])ericardial 
s:u; contained n turbid red exudate; the c])icardium was covered with 
fibrin showing no tumor histologically. 



JxVCOBI AND seltzer; 


METASTATIC CARCINOIMA OP HEART 481 


■Wirtli-^ reported tlie ease of a forty-eiglit-year-old female wlio lived 
for one year following a tliyroidectomy for a rapidlj’' growing cemdcal 
mass causing choking, dyspnea, and dysphagia. At autopsy there was 
found an anaplastic carcinoma of the thyroid, infiltrating esophagus and 
trachea to the hifureation, hletastases were present in the lungs and 
Iddneys. In the right ventricular myocardium there was a nodule of 
acinar and anaplastic thyroid tissue, gray yellow and soft, wedge-shaped, 
extending through the entire thicloiess in its midpoif ion hut not pene- 
trating endocardium or pericardium. 

Cardiac metastases per se have not, in the past, exliibited any special 
sjTuptoms. They may he suspected if attention is paid to the occasional 
pericardial hemorrhagic effusion. It may he that detailed fluoroscopic 
studies indicating disturbances of contraction locally, or electrocardio- 
graphic studies pointing to conduction disturbances, may point the way 
to such a diagnosis in instances of thyroidal neopla.sm. In striking con- 
trast to the usual type of metastases from thyroid carcinoma is the rela- 
tive freedom of bony involvement in eases in which metastases occurred 
in the heart. StiU more striking is the rarity of remote metastases in 
cases of thrombotic extension of a thyroid carcinoma by way of the great 
veins to the cardiac chambers. This suggests that death ensued, by vas- 
cular occlusion, before the secondary pulmonic foci liad broken into their 
veins and gained access to the general circulation. A suggestive corol- 
lary is the frequency of pulmonic metastatic nodules in those cases 
showing true myocardial or endocardial metastases and remote organ 
involvement. 

SUMAIARY 


A case of primary carcinoma of the thyroid with myocardial metasta- 
sis is reported. 

Twelve eases of cardiac involvement from thyroidal carcinoma, re- 
ported in the literature, are reviewed. The clinical and pathological 
distinction between thrombotic extension into the cardiac chambers and 
true metastases to the myocardium and endocardium is stressed. 

Attention is called to hemorrhagic pericardial effusion as a suggestive 
diagnostic point in cases of cardiac metastasis. Detailed fluoroscopy 
and electrocardiographic studies are urged as an aid in such diagnosis. 

The authors desire to express their thanks to Dr. Henry Joachim, chief of 
ser\nce of the Jewish Sanatorium for Incurables, and to Dr. Thomas A. Gonzales, 
acting chief medical examiner of the City of New York, for permission to report 
this case. 
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THKOMBOSIS OF A COEONAEY VENOUS SINUS IN A CASE OF 
THROMBOPHLEBITIS MIGRANS'' 


Case Report 


W. P. Warner, M.D., F.R.C.P.(C.), and J. A. Dauphinee, M.D. 

Toronto, Ontario 


N umerous cases of wandering and recurrent thrombophlebitis, 
particularly of the superficial veins, have been reported, and sev- 
eral of them have been suspected, but not proved, to have had involve- 
ment of a coronaiy vein during the course of their illness. In the case 
described in this report, the clinical picture a short time before death 
led to a diagnosis of thrombosis of a coronary vein. At post-mortem 
examination the coronary sinus opening into the right auricle was found 
to contain a yellow fibrinous mass completely occluding its lumen. None 
of the other cardiac vessels were thrombosed. 

Earlier writers^’ ^ on the suliject of migrating or wandering phlebitis 
appear not to have obsen^ed any complications arising from thrombosis 
of visceral veins, and considered the disease as afiecting the peripheral 
veins only. More recently, however, it has been shomi by a number of 
observers that similar conditions of thrombophlebitis may occur in 
various organs of the body, and thus give rise to symptoms much more 
alarming than are associated with thrombosis of peripheral vessels. 

Since the papers of Moorhead and Abrahamson,^ who first called at- 
tention to the presence of visceral venous thromboses, and Ryle,^ who 
considered four additional patients who had had similar accidents, a 
number of reports have appeared describing venous thromboses in vari- 
ous organs, including lungs, brain, intestines, and heart. The evidence 
of cardiac involvement has been based upon s^nuptomatology and physi- 
cal findings only. Thus, Legrand® reports a case in a woman who, dur- 
ing the course of her disease, had attacks of tachycardia. Moorhead and 
Abrahamson believed that severe anginal pain accompanied by a rapid, 
fibrillating pulse indicated thrombosis of a cardiac vein. Coombs® men- 
tioned several cases in wliicli phlebitis preceded the onset of what ap- 
peared to be a mild cardiac infarction and suggested that some such 
attacks may be “due to a venous thrombosis less disastrous in its 
mechanical effect on the circulation through the walls of the heart” than 
an arterial obstruction would be. Hartfall and Armitage" have de- 
scribed a case in which there occurred severe precordial pain accom- 
panied by iDreathlessness and palpitation of such severity that morphia 
to be used. They considered this to be a coronary thrombosis al- 
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though the electrocardiogram -was normal. Camiibcll and l^Iorgau® have 
described a doubtful ease in •which there were definite elect rocardio 
grapliie change.s. In none of the.se did the disea.se end fatally, and the 
diagnosis of cardiac involvement could not be confirmed. Our case is of 
particular interest, in this respect since post-mortem examination con- 
firmed the clinical diagnosis of thrombo.sis of a coronaiw vein. 

case report 

Mr. B. H., aged forty-five years, was admitted to the Medical Service, Toronto 
General Ho.epital, November 19, 19.^2, and died Alay 14, Ifi.!.!. 

The patient wa.s first seen on Sept. 20, 19:>2, eoniplaining of a tender red streak 
along the lower right forearm, which had appeared on Sept. 10, 19.12. Subsequently, 
a similar condition developed on the left leg. Previous history of note was that 
for twenty years he had had chronic postnasal discharge for which several inirana.s.al 
operations had been performed. In August, 1912, he bad an infected tooth ex- 
tracted, :md, ten day,s before the onset of the phlebitis in his limbs, there wa.s dis- 
cliarge from an apical abscess above another tooth. The examination at the time 
of his fir.«t consultation showed typical .superficial phlebitis of right arm and leg. 
Rest in bed was advised. The superficial phlebitis continued and on November 12 
ho suddenly became short of breath, perspired, felt chilly, and began to cough, 
bringing up xi small amount of bloody .sputum. He was advised to come into 
the hospital. 

On admission to hospital, he was quite ill; temperature 10-1° F., and i»ulse rate 
100; ho had some respiratory distress. Chest examination sliowed diminished 
resonance and some rales at the right base. Patient imjirovcd, llic temperature 
fell to normal, and the .«igns in his chest liad practically disa])pearcd by December 
Cl. Repeated white blood counts wore between 9,000 and 10,000. During this 
acute illne.ss the jihiebitis of the superficial veins of both arms and Iog.s continued. 
It was of a migratory tj'pc, jumping from one limb to another. 

On .Ian. 0, 1933, he again had severe paroxysms of cougliing with frothy, clear 
sputum and pleural pain on hi.s right side; the temperature rose to 101° F. A 
pleural oJTusion developed rapidly sind on .lanuary 11 blood-tinged fluid was 
aspirated from the right pleural cavity. At this time the jihlebiti.s, which had 
continued since November to involve the .superficial veins of all four limbs in 
a flitting mnnner, afTected the deej) veins of the left leg, which becximc markedly 
swollen and painful. No definite foci of infection were found in teeth, ujipcr 
respiratory ptissagcs, etc. On .lanuary 2S, he again had pleunil pain on the 
left side of his chest; a friction rub was heard; and his cougli and shortness 
of breath, which were not constant, l.*ccame worse. There was .‘■■omc evidence 
of consolidation, and the change in his left chc.^t was considered to be due to 
pulmonary infarction. 

Migrating pdilcbitis of the veins of the limits continued, a new area becoming 
involvetl every few dsn-s. In xiddition, almost constant dyspncti developed, which 
was markedly aggra%'ated by severe paroxysms of coughing jirodueing a slight 
amount of whitish sputum. He became weaker, and itis dysjinen and cough 
were much nsorc troublesome. On Alareli ], ],000 c.e. of blood -tinged fluid was 
removed from his left chc-'t. It was considered that the respirato.''y symptoms 
wer.- due chiefly to rejn-ated Shrombo'cs of the [mhnonary veins with restilting 
Uifiiretion. 

S'inci; .Septensber. whejs the patient came umbfr observation, oecasiona! extra- 
sy'tole-c w..ri'- pres’-t.!. but ttn March fi he bec.ame very short of breath and eotii- 
pir.'.ttvd that hi- heart felt tt- if it wa- beating very rapidly. Ptiroxystunl l.cchy- 
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cardia was found, •udtli a rate of 160. These attacks of tachycardia persisted at 
intervals until his death on May 14. At no time was there complaint of pain in the 
chest, which was thought to lie cardiac in origin. There was no evidence of ascites, 
dependent edema, or enlargement of the liver. An electrocardiogram taken first 
on March 6, when he had his initial attack of paroxysmal tachycardia, showed 
rate of 170, nfith voltage 5 mm., nfith T,^ , positive. On March 9 the tachycardia 
had disappeared, with T,. „ definitely negative; one month later voltage still 5 
mm. with T,, „ bix)hasic. The changes in T,, „ were not tj^^ical of coronary 
thrombosis and, probably, were digitalis effects, as he was given this drug after 
his first attack of tachj'cardia. The repeated attacks of paroxysmal tachycardia, 
the constant and increasing dj'spnea, along with evidence of thrombophlebitis 
involving the superficial and deep veins of the arms and legs and the pulmonary 
vessels, led to a provisional diagnosis of coronary venous thrombosis. There was 
nothing absolutely diagnostic of this, but the signs and sjTnptoms of coronary 
venous thrombosis may have been masked by the extensive process in the pul- 
monary vessels. 

Dyspnea and paroxj'sms of coughing became more marked, and the course was 
progressively worse. On May 14 he became markedly short of breath and died. 

The temperature records from September, 1932, to May, 1933, usually* showed 
some degree of fever- — up to 100° F. The fever rose to 101° and 102° F. tem- 
porarily after pulmonary thrombosis, with occasional rises with widespread 
peripheral thrombosis. It was impossible to state whether the coronary venous 
thrombosis produced fever. 

Eepeated white blood counts ranged about 9,000, reaching a maximum of 12,000 
on two occasions, with a differential coimt of about 70 per cent polymorpho- 
nuclears. Blood chlorides, 470 mg. per cent; carbon dioxide combining .power, 
57 volumes per cent; calcium, 9.5 mg. per cent; phosphorus, 4.5 mg. per cent; 
bleeding time, 3 minutes; coagulation time, 3 minutes 45 seconds; platelet count, 
184,000. 

Seven blood cultures were taken, all of which failed to show any growth of 
organisms. Pleural fluid cultured on several occasions failed to show the presence 
of any organisms. A superficial vein with a very recent thrombophlebitis, 
and still showing a red streak on the skin, was surgically removed and culture of 
it by aerobic and anaerobic methods failed to show any organisms. In February 
and April, 1933, sections of veins wmre removed for culture and pathological 
study. The pathological report by Professor Oskar Edotz of the Department of 
Pathology wms as follows: 

“Veiiis of Leg . — This specimen of vein was received in February, 1933, when 
it was removed for bacteriological examination. The tissues proved to be sterile 
by the various procedures wdiich rvere undertaken. The vein was a superficial 
one and was thrombosed at the time of its removal. The sections showed a thin- 
wmlled vein which in its surroundings was devoid of an inflammatory reaction 
but which contained a recent laminated red clot. The clot contained a fair num- 
ber of leucocytes. The inner portion of the vein ^Yall, including its intima and 
very narroAV zone of the media, showed necrosis with a granular destruction of 
the tissue elements. There was no inflammatory reaction in this necrotic zone 
In the remaining portion of the vessel wall no peculiar features were noted. 
One was rather struck by the absence of any reaction in the vein wall or in 
the tissues surrounding it. 

“Diagnosis . — Phlebitis migrans with thrombosis. 

'^Comment.— The striking feature in this vessel is the absence of an adequate 
reaction which is usuallj’- considered necessary to play a part in thrombosis. In 
the vessel with the thrombus fully formed, the intima was found to show necrosis 
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of its elements -without any inliammatoTy response. The thrombus itself -was of 
the usual red, laminated variety, and no peculiar quality -was evident in it. It 
would seem that the vessel wall is not the primary factor leading to thrombus 
formation. The question arises -whether an altered state of the blood could ac- 
count for the recurring thromboses.’^ 

At the time of death, the clinical diagnosis -was thrombophlebitis migrans, the 
thrombosis affecting many of the superiicial and deep veins of both arras and logs, 
the pulmonary veins, and involvement of a coronary vein. 

A. summary of the autopsy report from the Department of Pathology’ follows, 
and wo are indebted to Professor Klotz for his particular interest in this case 
and for his personal opinion after examination of the sections. 

AUTOPSY REPORT 

Thorax . — The left thoracic ca-vity contained 1,000 c.c. of pinldsh red, watery 
fluid, and there were a few fibrinous adhesions at the apex. The right Ihoracic 
cavity was almost entirely obliterated by fibrous adhesions but contained about 
500 c.c. of similar fluid. The pericardial sac was adherent to the heart, and the 
wall of the sac was markedly thickened. 

On the outer surface of the trachea there were a number of enlarged hunph 
glands: these were anthracotic and shoived the presence of -white, firm tissue, 
suggesting newgrowth. On opening the left main bronchus, it was found oc- 
cluded by pedunculated, friable, papillomatous masses. 

On cutting the lungs it was seen that the pulmonary artery had at various 
places firm wliite thrombi attached to its wall. There appeared to bo no thrombi 
in the pulmonary vein. The cut surface of the lung was purplish red, srith lobular 
distribution in scattered areas. The lung was firm and .slightly rai.sed above the 
surrounding tissues. 

Heart . — The pericardium was attached to the heart by fibrous adhesions. The 
heart measured 12 by 10 by 4 cm. and weighed about 450 grams. The apex was 
blunt, and the surface was covered with a small amount of pericardial fat only. 
Both right and left ventricles were slightly dilated and In-pertroidiicd. The coronary 
venous sinii.e, opening into the right auricle, was found to contain a yellow fibrinous 
mass complctch' occluding it. None of the remaining vessels of the heart were 
thrombosed. The myocardium was a good color and .riiowed no evidence of vascular 
derangement nor fibrosis. Along the upper border of the left auricle and firmly 
attached to it was a considerable mass of newgrowth infiltrating the loo.so ti.ssues 
about flic heart and aorta. Some of this growth was present in enlarged Ij-mph 
nodes. The right ventricle contained many round, white, firm masse.s. These 
masses con.ristcd of small smooth-walled lumps of fibrin which had pedunculated 
attachments to the ivall of the ventricle. Some of them lay lietwecn the neighbor- 
ing masculi pectiimti. Those attached hy a pedicle were vciy oasih- dislodged from 
the point of attachment. 

The wall of the left ventricle wa.« free from tlm.se thrombotic masses and measured 
up to 1.5 cm. in thickness. The free border of the mitnil v.'dvc was slightly thick- 
ened with white pinhead-sired nodular mas.=<‘s. The coronarj" arteries showed sev- 
ernl .small yell«v,-i.«h ph'Kjue.s in their luniiim, but no stenoyi,s -ini.c preyr-nf. 

Mierofcopic Jteport . — The microscopic report, on coronary sinus, hypogastric vein, 
:ir.d lie.art was made by Professor Klotz. (Other vein.® studied in detail arc not re- 
ported, but they were essentially the same ns the onc.s dcpcri1>ed.) 

f'erocort/ ffinv.v: !r-'ection.» were rut of the coronary sjmi.« cIo--o to it,“ mouth in 
the left auricle. At this point the sinus was completely occluded bj" a recent 
thrombus comjt.osed of a laminated clot. A coa.ridenible numlwr of leuccs-ytcs were 
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collected in patclies, wMle in other areas the clot appeared to consist , of a granular 
material. Red blood cells had almost entirely disappeared from the clot. There 
■was no evidence of organization. 

Sypogastric Vein: This vein showed the presence of an old and a recent lesion. 
The old lesion consisted of an organized thrombus partially occluding the lumen, 
while the new lesion was that of a recent red thrombus completely obstructing 
the vein. The old lesion appeared to be in relation to the structures resembling 
valves. Numerous pigment-containing cells were seen in the tissues of organization 
where large numbers of capillaries were found. The adherent red clot showed early 
proliferation reaction on the part of cells near the surface of the intima, wliich were 
extending into the clot itself. As one studied the clotted mass ■within the lumen, 
the character of the thrombus suggested different ages to different portions. Parts 
could be picked out where the tlirombus was progressing in the organization and the 
red blood cells were being destroyed. In other portions such changes were not en- 
countered. 

Reart: Sections of the myocardium showed normal-looking muscle fibers and an 
absence of an inflammatory exudate. There was no definite e'videnee of degenerative 
changes in the myocardial fibers although there was slight variation in the size of 
the individual elements. In one section taken near the endocardial surface a mixed 
thrombus was found lying within the mouth of a sinus. The deepest portion of this 
thrombus was attached to the wall of the sinus and was undergoing organization. 
Superimposed upon tliis was a more recent thrombus, rich in fibrin and containing 
many leucocytes. The musculature in the neighborhood of the sinus did not appear 
to be influenced by the presence of the tlrrombus. There was no degeneration of the 
muscle fibers. 

Comment on Pathological Study . — In the various vessels which were examined, and 
these were all veins save for the pulmonary artery, thrombosing processes of varying 
ages were encountered. In many cases the vessel wall showed little reaction which 
could be associated -with the presence of thrombus. In the pulmonary arteries, an 
acute reaction was found in the intima and media. These responses, as well as the 
hemorrhage about the artery, were often related to the presence of cancerous metas- 
tases -witlun the lymphatic chaimels. Tliis cancer arose in the bronchus. In the 
femoral artery, a chronic nodular phlebitis was encountered, but whether this had any 
relation to the thrombus is difficult to say. 

It would appear from the autopsy findings and the histological study that the 
tlu-ombosing process was the outcome of changes in the blood itself rather than 
the result of primary lesions in the vessel wall. The nature of such changes and 
the maimer in which they were brought about is not clear. Wliat part was played 
by the cancer of the bronchus and its extensions along the lymphatics of the lung is 
not possible to state, but our experience with a number of lung cancers does not 
Suggest that these tumorous states have, in themselves, any peculiar effect upon 
the construction of the blood. Bacteria could not be discovered in the vessel walls 
by cultural methods, and the lesions encountered did not suggest a bacterial infection. 

COMMENT 

This ease is of particular intere-st in that, during the course of the 
thrombophlebitis migrans, the sudden onset of paroxysmal tachycardia 
associated with dyspnea led us to make a provisional diagnosis of 
thrombosis of a coronary vein. At autopsy, complete blocking at the 
right coronary venous sinus by a thrombus was found. There was no 
apparent change in the heart muscle as a result of this thrombosis. 
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There did not appear to be any definite symptoms associated with 
coronaiy venous thrombosis. The clinical diagnosis was very speculative 
and depended on tlie presence of paroxysmal tachycardia in a patient 
\vith widespread thromboplilebitis migrans. The presence of multiple 
pulmonary artery thromboses and bronchogenic carcinoma may have 
inaslced tlic clinical syndrome of coronary venous thrombosis if there was 
one present. However, no precordial pain or distress was noted, and 
there were no electrocardiogi'aphic changes. It is obvious that there 
may have been other causes for the paroxysmal tachycardia, and it was 
not necessarily associated with the venous thrombosis. 

The other point which arises from this case is that a thorough attempt 
was made to ascertain the cause of the thrombophlebitis migrans by clini- 
cal, bacteriological, and pathological studj', and, as in many other cases 
reported, no etiological agent could be discovered. The suggestion of 
Smith" that multiple venous thrombi may be the I’esult of latent malig- 
nancy is of interest in this case where bronchogenic carcinoma was dis- 
covered at autopsy. However, the incidence of thrombophlebitis migrans 
is not higher in cancerous patients than in noneancorous patients, and it 
is, therefore, impossible to state that the bronchogenic carcinoma was of 
et iological significance. 

SUMAIABY 

A ease of thrombophlebitis migrans is reported in which there was 
comiilete occlusion by thrombus formation of the right coronary sinus, 
as ])roved by autop.sy. Thrombosis of a coronary vein was diagnosed 
clinically because of repeated attacks of paroxysmal tachycardia in a 
patient iiith widespread migratory phlebitis. No significant electro- 
cardiographic changes ivere observed. At autopsy there were no changes 
obseiwcd in the myocardium that could be ascribed to coronary venous 
thrombosis. Careful study of the ease by clinical, bacteriological and 
pathological means failed to show the etiological factor resjionsiblc for 
this ca.se of migrating thrombophlebitis. 

Wc arc irulclUcit to Profc.ssor Duncan Graham for permi-'ision to publisit thi.s 
criM’' rpjiort. 
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In Memoriam 


aEOKGE ELGIE BROWN 

I N TI-IE death of George Elgie Brown, at the age of fifty-one years, 
the medical profession has lost a real leader, jnst as he was ap- 
proaching the pinnacle of achievement. 

His dramatic rise from a general practitioner in the small com- 
munity of Miles City, Montana (1911-1921), to chief of a section in 
the Division of hledicine of the Mayo Clinic, had all the elements of 
true romance and bore eloquent testimony to his exceptional qualities 
of mind and character. 

His clinical research, which in the latter years was concerned 
chiefly with the field of the peripheral circulation, resulted in many 
outstanding contributions and his enthusiasm and energy were the 
sparks which activated many of the younger men throughout the 
country to carry on further studies in this field. 

He was one of the small group which was responsible for the for- 
mation of the Section for the Studj' of the Peripheral Circulation of 
the American Heart Association and was elected the first chairman 
of the Section. To the great sorrow of its members, he did not live 
to preside at the first regular annual session. 

Doctor Brown finely exemplified the glory, of our guild, the desire 
to, share not only with his close associates but with all humanitj’- the 
best of his mind, his heart, his personality. 

His untimely passing has been a crushing loss not only to his -closer 
associates but to the multitude of his admirers and friends through- 
out the profession. 

E. V. A. 
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AMERICAN HEART ASSOCIATION, 1936 

The twelfth annual scientific session of the American Heart Associa- 
tion was held on May 12, 1936, at the Hotel Phillips, Kansas City, l\Io., 
with Dr. William J. Kerr as pi'osiding officer. The following program 
was presented. 

Program 

The Coronary Plow in Hearts of Individuals Dying of Cardiac InsufRcIency. 

William B. Kountz, i^t.D., St. Louis, INto. 

ABSTKACT 

Revival of human hearts after death makes possible important fuuctioual studies. 
These are of more than usual interest when applied to the hearts of individuals 
dying of cardiac insufficieucy and should throw light upon the nature of cardiac; 
failure. Hearts of individuals dying of cardiac disease revive less readily than do 
hearts of individuals dying of other conditions than heart disease. Detailed studios 
could therefore not he made upon these hearts. 

The total coronary flow of a normal heart whoso weight was around liOO gm. 
was found to average, when perfused, about 812 c.c. per minute. The average flow 
per gram of heart muscle is about 2.7 c.c. jeer minute. In younger individuals the 
flow often exceeded this figure and sometimes equalled 5 c.c. per gram of heart 
mu.sclc per minute. In the hearts of individuals dying of heart disease the total 
coronary flow may be greater than normal, c.spccially in hearts where a marked 
hypertrophy had taken place, hut when reduced to the terms of unit weight was 
found to fall below the level of 2 c.c. per gram of heart per minute. In subjects 
dying of heart failure the flow ranged from 0.75 c.c. to 1.5 c.c, per gram per 
minute. 

These studies would lead one to believe that there is a danger in tin; reduction 
of coronary flow. This zone may be readied by hypertrophy and dilatation of the 
heart which appear to increase tlie nec;d for blood, which, excejit perliaiis in the 
early stagc.s, is not supplied e.ommcnsuratcly with tlic demand. In coronarj’ arterio- 
sclerosis the reduction may he due to disease of the blood vessels. In oitlier case 
coronary arterj- inflow measured in terms of cubic continietcr.s per gram of heart 
is well below 2 c.c, jier gram of heart muscle per minute. 

Tho Pathologic-Amitomlcal Basis of Cardiac In.snflicicncy. I’.mmericli vnii Haam, 

^1.1)., New Orleans, La. 

AltSTn.tCT 

Tiie fretpiently observed lack of striking morpliologic.nl duinges in failing lienrts 
has nlv.'nys been a puzzle to clinical investigator.s, wlio have tried to explain the 
inartLcd discrepiiitcy between pathologic-anntoniieal and pathologie.phy.'-iological 
5«anift>?tatioKB in heart failure with numerous terms sucii ns neuto myocardosis 
(■ISyman) or essentiul myocardial insuflieiency (Messingcr). Little attention has 
t>een paid by most path.r, legists to the fact that accumulutioa of pnthoiogiea! changes 
r.ncnoi take place in u similar manner in the heart — the mily organ of our body 
in conxt.nnt active and rhythmie motion — as in otiier organs such tis liver and 
kidney, raal that cvtolegical ciiatiges in the contracting iieart muscle filter will 
have a different rqijK'artsiic,^ from similar changes in other cells. The ncces,«ary 
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consequence of sucli considerations, however, must be a different evaluation of mor- 
pliological lesions in the heart with reference to organic function by a special system 
of cardiac pathologj'. 

In attempting to investigate the pathologic-anatomical basis of cardiac insuf- 
ficiency, material of 5,213 consecutive autopsies, performed during the years 1932 
to 1935 at the Charit}- Hospital of New Orleans, has been studied bj* the author. 
During this period, 749 patients, or 14.4 per cent of the total number of autopsies, 
had died with the diagnosis of fatal organic heart disease. A comparison of the 
etiological and pathological types of heart disease in this series demonstrated 
hypertrophy as the principal factor in syphilitic, congenital, and hypertensive heart 
disease, degenerative lesions as the principal factor in toxic, pulmonary, and neuro- 
hormonal heart disease, and inflammatory lesions as the principal factor in infec- 
tious and rheumatic heart disease. The most consistent tj-pe of morphological 
changes in failing hearts was represented by the group of degenerative lesions 
associated with or superimposed upon cardiac hypertrophy. 

The Eelationship of Tachycardia to Cardiac Insulliciency. Drew Luten, M.D., 

St. Loui.s, Jlo. See page 435. 

The Dynamic Effect of Acute Experimental Poisoning of the Heart With Diph- 
theria Toxin. L. N. Katz, l\t.D., D. B. Witt, M.D., and E. Lindner, M.D., 

Chicago, 111. 

ABSTRACT 

The acute effect upon the cardiac dynamics of injecting diphtheria toxin was 
studied in dogs. The study was based on records of mean arterial and venous blood 
pressure and records of the volume and pressure changes of the heart. Electro- 
cardiograms were obtained also. Tlie pressure curves of the various heart chambers 
(i.e., the two ventricles, the pulmonary artery, and the aorta) were recorded with 
Wiggers’ manometer on a photokymograph. The volume and mean pressure curves 
were obtained on a smoked drum. 

It was found that the diphtheria toxin, after preliminary acceleration, produced 
a sinus slowing of the heart, and later, various types of A-V and intraventricular 
block. Extrasystoles of various types and paroxysmal tachycardia also were pres- 
ent, and eventuallj- the heart went into a peculiar type of ventricular fibrillation. 
A vasodilatation in both the systemic and the pulinonarj'- circuits also resulted. 
Heart failure was caused by these disturbances in conduction and rhythm, and by 
the decreased coronary blood supply following systemic vasodilatation. There was 
definite emdence, however, tliat diphtheria toxin poisoned the heart in such a way 
that myocardial failure with its typical abbreviated and less powerful contraction 
occurred before these other changes came into operation. It is of practical impor- 
tance to realize that diphtheria toxin acts directly on the contractile power of the 
heart since serious damage to the heart may be present without significant modifica- 
tion of the electrocardiogram or of blood pressiire and heart rate. 

Cardiac Asthma (Paroxysmal Dyspnea) and Failure of the Pulmonary Circulation. 

Soma Weiss, M.D., and George P. Eobb, M.D., Boston, Mass. 

ABSTRACT 

Failure of the pulmonary circulation frequently develops independently of failure 
of the greater circulation. Cardiac astluna (paroxysmal dyspnea) results from 
acute and usually transient hypertension -witliin the pulmonary circuit. The most 
frequent cause of attacks is acute or subacute left ventricular failure. 

As indicated by clinical symptomatology, by circulatory measurements and by 
responses to chemical agents, there are three types of paroxysmal cardiac dyspnea 
Avhich may occur singly or combined: (1) simple paroxysmal dyspnea without evi- 
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dence of bronchial spasm or intra-alveolar etlcma; (2) paroxysmal dyspnea with 
bronchial spasm and true asthmatic breathing; (3) paroxysmal dyspnea with intra- 
alveolar edema. 

As judged from histological examination of the lungs, fatal paroxysmal cardiac 
dyspnea may occur without an appreciable degree of infra-alvcolar edema, but with 
pericapillarj' Cfleraa. In this type of edema the tissue fluid is localized mainly 
between the capillary and alveolar basement membranes, but does not penetrate the 
alveolar basement membrane or the epithelial layer of cells. ITcncc the alveolar 
space contains no fluid. Such lungs may be heavy. In instances in which paroxys- 
mal cardiac dyspnea is associated with true asthmatic breathing, there is sensitivity 
to histamine, and clinical improvement follows the administration of epinephrine. 
There are also instances of paroxysmal dyspnea regularly associated with diffuse 
intra-alveolar edema. Tins type is likely' to occur in patients with advanced 
("tight”) mitral stenosis and in patients with arterial hypertension and uremia 
in whom osmotic pressure of the serum is low. Recognition of these types of pul- 
monary reaction in paroxysmal cardiac dyspnea bears on the therapy of this condi- 
tion. 

Cardiac Insufficiency in Coronary Tlirombosis. Arthur Af. Master, M.D., Simoii 
Hack, AI.D., and Harry L. Jaffc, ALD., New York, N. Y. 

ABSTRACT 

The role of cardiac insufficiency and related factors in tlic cour.se and prognosis 
of 140 attacks of coronary thrombosis was studied. Congestive heart failure was 
more frequent in the older age groups and in those with a previous occlusion, 
hypertension, or enlarged heart. It developed in two-third.s of the cases and was 
usually combined left and right, although the lesion primarily involves the loft 
ventricle alone. 

The heart failure was clas.sificd as left or right on the basis of clinical sigii.s 
and symptoms, venous pressure, circulation times and vital capacity. Tlic latter 
proi'cd a simple accurate measure of heart failure. The prognostic significance of ' 
tachycardia, low pnl.so pressure, poor heart sounds, gallop rltythm, tachypnea, 
orthopnea, pulmonary edema, cyanosis, fever, leueocytosis, hypertension, and cardiac 
enlargement was evaluated. Shock and congestive failure frequently' occurred simul- 
taneously. 

Arriiythmias, though they fended to aggravate shock and heart failure, wore 
transitory and required no specific treatment. 

Heart failure increased the mortality rate. It was present in all but two of the 
thirty' fatal cases and occurred equally in anterior or posterior infarction and in 
left or right coronary occlusion ; more than one vessel was nearly always occluded ; 
an old thrombosis was present in the majority, and the left coronary artery was 
usually initially involved. 

The Differential Diagnosis of Congestive Heart rallure and Constrictive Peri- 
carditis (Pick’s Disease), Howard B. Sprague, M.D., Boston, Mass. See pngc 

Studies on the Effect of the Action of Digitalis on the Circulation in the Presence 
of Congestive Heart Failure. Humid ,7. .Stewart,. .\f.D., ,T. E. Deitriek, .M.D-, 
and X. F. Crane, M.I)., Xcw York. X. Y. 

AP..ST!:‘.CT 

Stiulie,® of t;:o effect of giving digitalis on the circulation have I'ceu made in 
pasier.t* eshibiting the signs and symptom® of congestive heart failure. I’aticntf! 
•offering from Iwart disease of rheumatic etiology, as well a.s those exhibiting 
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arteriosclerosis and hypertension, rvere included; in each etiological group there 
were patients exhibiting normal sinus rhythm as well as those in whom the rhythm 
was auricular fibrillation. 

Ail observations were made with patients in a basal metabolic state. Observations 
were made first immediately before digitalis was given and later twenty-four hours 
after digitalis, 1.8 gra. (A.H.A. preparation), had been given by mouth, and then 
again at intervals later still. Eecords were made of the heart rate, of electrocardio- 
grams, of arm-to-tongue circulation time (decholin), of venous pressure (direct 
methods), of cardiac output (acetylene method — 3 sample teclmic), of size of heart 
(x-ray photographs of heart tahen at a distance of 2 m.). In the patients who 
were observed, the giving of digitalis was associated with decrease in cardiac size, 
decrease in circulation time, increase in cardiac outjnit, and lowering of venous 
pressure if it was elevated. The work of the heart before digitalis was given was 
not commensurate with the size, but following the administration of digitalis, the 
work accomplished at each beat became greater and more nearly commensurate 
with the size of the heart. 

Inhibiting Thyroid Activity in the Treatment of Cardiac Insufficiency: A Ee- 
port of Pour Cases. James A. Lyon, IM.D., and Edmund Horgan, M.D., Wash- 
ington, I>. G. 

ABSTRACT 

Four cases of cardiac insufficiency are reported in which improvement followed 
the devascularization of the thyroid gland to inliibit thyroid activity. In one case 
improvement has now been maintained for twenty-two months. This patient, who 
prior to operation worked with ditficulty, is able to work regularly from ten to 
twelve hours a day without discomfort. His systolic blood pressure which formerly 
ranged from 150 to 300 mm. of mercury has now become stabilized at 140 mm. 
In another case improvement has been maintained for twelve months. This patient 
prior to operation was partially incapacitated for five months; since operation she 
has been able to work regularly for six to seven hours daily. Two patients have 
died. Both showed definite early improvement. One who had resumed work after 
hawng been incapacitated for three years prior to operation died of mesenteric 
thrombosis five months following operation. The other died of cardiac insufficiency 
twenty-two months following operation. With the exception of the last-mentioned 
patient, none has had a recurrence of cardiac insuflficiency. 

On the basis of the results obtained by the operation of devascularizing the 
tliyroid gland to inliibit thyroid activity, the authors conclude that the method 
utilized by them has a place in the treatment of patients having cardiac insuf- 
ficiency. 

SECTION FOE. THE STUDY OF PERIPHERAL CIRCULATION 

Hemiconstriction of Vascular System Associated With Cerebral Disease. William 
J. Kerr, iLD., and F. J. Underwood, M.D., San Francisco, Calif. To appear 
in an early issue of this Jourxaij. 

The Control of Sympathectomized Blood Vessels by Sympathomimetic Hormones 
and Its Relation to the Surgical Treatment of Easmaud’s Disease. James C. 
White, M.D., Boston, Mass. 

ABSTRACT 

In line with the behavior of unstriated muscle in general, denervated smooth 
muscle in the arterial walls becomes abnormally sensitive to circulating sympa- 
thomimetic hormones as the vasoconstrictor nerves degenerate. The increase in 
sensitivity is much greater after degeneration of the postganglionic neurones than 
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after destruction of the preganglionic portion of the vasoconstrictor pathway. This 
has been measured in the rabbit’s ear and the monkey’s hand, as well as in human 
extremities. The most important hormone which mediates residual vasospasm in 
denerrated arteries appears to be adrenalin. .Sympathin and other, as yet un- 
known, substances probably play a contributory role. In explanation of the inferior 
results of cervicothoracic ganglioncctomy, we have .shown that this operation causes 
a degeneration of the po.st ganglionic fibers to the brachial plexus, and thereby a 
maximal tendency to residual vasospasm during exposure to cold, exertion, or 
emotional stress. In contrast, lumbar ganglioncctomy interrupts the vasoconstrictor 
outflow to the sciatic nerve in its preganglionic portion, and thereby leaves a minimal 
residual response to chemical stimuli. Application of these principles to the treat- 
ment of Raynaud’s disease in the upper extremity is loading to a more physiological 
operation in which the ganglia giving rise to the postganglionic neurones are pre- 
served, but the preganglionic connections are cut proximally. This method promises 
to give as favorable results in the arm as have been achieved in the leg. 

Modified Dorsal Sympathectomy for Baynaitd’s Disease (Vascular Spasm) of the 

Dpper Extremity. R. H. Smithwick, St.D., Boston, hlass. 

ABSTR.\OT 

In contrast to the excellent results which for years have been obtained from 
lumbar ganglioncctomy for vascular spasm (Raynaud’s disease) of the lower 
extremity, the results from a similar procedure; namely, cervicodorsal ganglionec- 
tomy, for Raynaud’s disease of the upper extremity have been very unsatisfactory 
in our experience. 

Extensive study of the anatomical and physiological considerations involved have 
led us to believe that it is possible to obtain satisfactory results in the upper 
e.xtremity. A series of cases is presented in which a modified dorsal sympathectomy 
has been employed in order to sympathectomizo the upper e.xtremity. In this 
operation only {ireganglionic fibers arc divided, and no ganglia are removed. A 
follow-up study of about twenty-five c.xtremities over periods of a few weeks to 
over a year makes us feel that this operation will ])rove to be satisfactory. 

One cannot speak too dogmatically about the results as yet until another year 
or So has pa.ssed. Tlie chief cause of failure in the operation of ganglioncctomy 
was probably duo to sensitization of the blood vessels to circulating hormone:?, whicli 
cause residual vascular spasm after degeneration of postganglionic neurones. Adre- 
nalin is probably the most important of the hormones in question. 

If regeneration of nerve fillers does not take place, the operation should prove 
to be of considerable practical value. 

Studies on the Nature of tlie Peripheral Resistance in Arterial Hypertension. 

Myron Prinzmetal, M.D., Iajs Angeles, Culif., Ben Friedman, M.I)„ New York, 

N. Y., riifford Wilson, M.D., London. England. 

.MiHTUAfrr 

DiUenninations of resting blood flow in the arm in various types of hyjierfension 
give un average value no greater than that obtained from subjects with norma! 
blood pressure. This indicates that increased vascular resistance in the ditTerciit 
types of hypertension is not confined to the splanchnic arrm but is generalized 
throughinit tl;e sy.etemic circulation. Patients with hypertension show increase in 
blood flnt-.- in response to heat and reaetivc hyperemia I’fjual in degree to that pro- 
duce-1 in n*irnia1 individuals, showing that the blood vessels in hypertension are 
capable of ro«si<!erable dilatation and indicating that ihf* increti.sed peripheral 
tc-slstaiice i*i due to hypertonus and not to organic, changes in the vessel walls, 
.‘-^ynvpathetie vasodil-tSation prodmed by the “heat ti-st” produces no greater in- 
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crease in blood flow in subjects with liigb blood pressure than in normal individ- 
uals, suggesting that the vascular hypertonus is not vasomotor in origin. Patients 
TOth coarctation of the aorta, on the other hand, show a greater increase in blood 
flow in the arm in response to the heat test than do controls or patients with 
generalized hypertension. This demonstrates that vasoconstriction of sympathetic 
origin is present in the upper extremities in coarctation of the aorta and affords 
confirmatory indirect emdence that the hypertonus in generalized hypertension is 
not of vasomotor origin. Anesthetization with procaine hydrochloride of the vaso- 
motor nerves to the arm produces the same increase in flow in normal subjects and 
patients mth hypertension, proving that the vascular hypertonus is independent of 
the vasomotor nerves and tliat this hypertonus must therefore be regarded as in- 
trinsic spasm of the blood vessels themselves. Tliese conclusions apply to all types 
of hypertension, and hence there is no physiological evidence for the separation 
into ‘‘organic” and “functional” types or for the assumption that renal hyper- 
tension is due to vasomotor hypertonus. Surgical procedures aiming at the relief 
of liigh blood pressure by sympathectomy do not abolish the vascular hypertonus 
that is fundamentally responsible for the hypertension. 

Anterior Nerve Root Section and Splanchnic Section in the Treatment of Hyper- 
tension. Irvine H. Page, M.D., New Yorh, N. Y. 

ABSTRACT 

Since no treatment of medical nature is known which will lower arterial blood 
pressure more than temporarily in patients suffering from essential or malignant 
hypertension, surgical measures have seemed worthy of trial. The purpose of this 
investigation was to compare and ascertain the merits of anterior nerve root sec- 
tion and resection of the splanchnic nerves. (The operative procedures have been 
carried out by Dr. George Heuer at the New York Hospital.) 

Favorable re.sults have been considered marked and persistent lowering of blood 
pressure, regression of morbid eyeground changes, disappearance of subjective symp- 
toms, and often decrease in the size of the heart. Our results may be grouped as 
follows as regards the outcome which may be expected from operation: (1) those 
patients in whom tlie disease is benign and in whom advanced vascular change has 
not occurred may respond well; (2) in those more advanced cases of long standing 
with morbid vascular change but benign in character, a favorable result may be 
obtained by no means certainly; (3) young patients, exhibiting hypertension border- 
ing on the malignant variety and exhibiting symptoms and signs of the ‘ ‘ diencephalic 
sjTidrome,” may respond in a satisfactory manner; (4) patients suffering from 
highly malignant hypertension are far less likely to respond favorably. 

In some of the cases relief has been dramatic; in others, especially those with 
highly malignant hypertension, operation has not appeared to influence the course 
of the disease. However, since two of five such cases were markedly benefited, opera- 
tion may be worth a trial. 

Nine patients have had supradiaphragmatic splanchnic resections performed. In 
all of the x>ationts but two the disease was benign. Of the two, one was highly 
malignant and the other had marked reduction of renal efficiency. The results of 
this operation have been disappointing exccjit in two of the very benign cases. Some 
reduction of pressure occurred in them, but it is too early (five months) to be cer- 
tain that the pressure will not again rise. The remainder of the patients were not 
helped by operation. 

A New Method for Determining the Circulation Time Throughout the Vascular 
System. Lester C. Spier, kl.D., Irving S. Wright, hl.D., and Le.slie Saylor, M.D., 
New York, N. Y. To appear in an early issue of the Joukxal. 
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Thorotrast Axteriograpliy in Vascular Diseases of the Extremities, With Report of 
Illustrative and Dnnsual Cases. AVallncc 51. Yater, M.D.j Washington, D. C, 
See ])!ige 

Sudden Arterial Occlusion in Thromboangiitis Ohliterans. Walter F. Kvale, hl.D., 
and Edgar A". Allen, M.D., lloche.'^ter, Alinn. See page -l.AS. 

Isclicmic Pain in Exercising Muscle: Its Nature and Implications. A. H. Elliot, 
•Tr., AI.D., and Richard D. Evans, Al.D., Santa Barbara, Calif. To appear in an 
early issue of the .lori'.XAi,. 

Observations on Intermittent Claudication — ^Response to Treatment Measured 
Graphically. Lewis H. Hitzrot, Al.D., Philadelphia, Pa. 

AUSTHACT 

The abnormal fatigue which occurs during contraction of the calf muscles deprived 
of adequate blood supply can be recorded graphically. In this study the variables 
due to voluntary control of the muscle contraction have been eliininafed. Tlie inu.sclo 
group is stimulated electrically over fixed periods at varying frequency. A pen 
records the excursion of the foot extended with each stimulation; rest periods are 
so spaced to .show recovery' or lack of it after fatigue has been produced. 

The presentation offers data from a study of the objective changes recorded by 
patients with suspected or proved vascular disease. Their fatigue curves show 
definite degrees of variance from normal .standards which may aid in diagnosis and 
prognosis. 

Comparison of the fatigue records of the same patient before and after treatment 
as with alternative suction and pressure or with injections of tissue extract, allow 
objective evaluation of such treatment. The fatigue curves have proved of value 
in cases in which the symptoms arc equivocal or in which clinical evidence of progres.s 
under treatment is uncertnin. Reproductions of individual and composite curves ib 
lustrate the clinical possibilities of the procedure. 

DISCUSSION* 

Discussion of the paper, "Coronary Flow in Hearts of Individuals Dying of 
Cardiac Insutllcicncy,” by Dr. Kountz. 

Dr. Fred Smith, Iowa City, Iowa. — Dr. Kount/. lias done some remarkable tilings 
with revived hearts. I doubt very much, Iiowever, if we are justified in drawing 
definite conclusions from the re.sults reported. In the first place, the jierfu.sion 
method is not a very satisfactory way of studying the coronary circulation in terms 
of absolute amounts. Moreover, we have no idea as to the extent of changra in 
inctubolisni wliich may have t.nkcn place in the.se hearts. The jihysiologists in recent 
years have demonstnitcd. among otlier things, that asphyxiation and reduction in 
the coronary circulation har'o a pronounced intluence on the glycogen content o! 
the myocardium. It is re.asonable to assume that this must have a significant 
influence on the function of the heart. 

Dr. Samtiel Shf.Jbitmr, Dallas, Texas. — I should like to ask Dr. Kountz if he has 
Irf'cn nlile to make any observations during thi?se experiments on o.vygen utilization 
{MT gram of muscle wetgiit, which might have .«omc betiring on tlie things mentioned 
by Dr, Smith. 

Dr. Ko'int :. — One rertainly adriiiis Dr. Smith V statements. Ttiesc facf.s were 
made plain in the paper. The fact that one can revivt: hearts that h.'ive died, can 

•Ttic t!i»e‘.if'5loTs of the paper.' frerent.-,; bcfori- tV.*' S^etlon for tie- fUmSy of tie* 
I'f-ripti! rs! tMfcutntion w/m not rvi ord*..*!. 



SOCIETY TRANSACTIONS 


497 


riiake them beat, and carry normal blood pressures over periods of hours indicates 
that anoxemia and asphyxia probably do not play so much, a part as one might 
suspect. Of course, in hearts of individuals dying of heart disease one deals ■with 
a somewhat diiferent condition. These latter organs have been subjected to chronic 
asphyxia over a longer period, and chemical changes have occurred ■n^hich are 
difficult to reverse. 

Study of the coronary flow by oxygen utilization in these hearts has not been 
attempted. The method perhaps should serve as a check on our present work. 

Discussion of the paper, “The Pathologic- Anatomical Basis of Cardiac Insuf- 
ficiency,” by Dr. von Haam. 

Dr. L. L. Bresette, Kansas City, Mo. — How often do you find similar changes in 
hearts that do not present an}" clinical pictured 

Dr. Sivmn Dach, New York, N. Y.— How often do you find no organic change ia 
hearts which have failed? 

Dr. von Haom . — ^Tn the study of 700 failing hearts I have never failed to find 
organic changes. The purpose of tliis study has not been to lay down strict rules 
of pathology concerning cardiac insufficiency but to demonstrate to you that all 
principal pathological lesions encountered elsewhere in the body during disease and 
associated with loss of organic function are also present in the failing heart. In 
order to correlate those morphological changes with loss of cardiac function result- 
ing finally in cardiac failure and perhaps cardiac death, we have to use a different 
system of evaluation since the heart does not show accumulation of pathological 
changes in a degree similar to that found in other organs of the body. 

Discussion of the paper, “The Relationship of Tachycardia to Cardiac Insuf- 
ficiency,” by Dr, Drew Luten, St. Louis, Mo. 

Dr. L. N. Katz, Chicago, HI. — Several questions are brought up by this interest- 
ing and challenging communication. A moment’s reflection and an assay of the 
literature show that a fast heart is a much less efficient organ than a slow one. 
This is so for a number of reasons. In the first place, a fast heart has not as much 
time to recover as a slow one and is thus in a less rested state. In the second 
place, the heart is a poorer energ}' machine when it is beating rapidly than wlien 
it is beating slowly. In other words, it does less ■work for the same amount of 
energy. 

In the third place, as Dr. Wiggers and I have shown, the distribution of the power 
of the heart is disadvantageously distributed in a rapid heart. To insist, therefore, 
that a rapid heart is a compensatory mechanism for the inadequacy of output gives a 
wrong irapre.ssion of the efficacy of the circulation. It is generally conceded clini- 
cally that the prognosis is better for immediate relief of the failure wdien the heart 
is rapid than when it is slow. Obviously, this is so since wdien the heart is rapid, 
it can be slow-ed. 

Furthermore, digitalis acts primarily to improve the efficiency of the heart. Dock 
has presented good evidence, some unpublished, which our work seems to confirm, 
that the action of digitalis may not be on the heart alone but on the venous return 
to the heart produced by narrowing of the venules, particularly those of the liver. 
Decreasing the amount of blood coming to the heart decreases its distention and so 
leads to the improvement. The action of digitalis on the heart is primarily on the 
conductivity of the impulse, particularly on the A-V node, and to a lesser extent on 
the, irritability and responsiveness of the ventricles. 

It is hazaidous to dismiss the old point of view that tachycardia is a detrimental 
■ factor and substitute the view that it is a beneficial one. The converse is still the 
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opinion of most cardiologists. Thus, it is known that congestive failure may follow 
jiaroxysinal tachycardia in patients with organic heart disease. 

Dr. Liitcn . — I hardly knew whether I was needlessly defending a point of view 
wJiieh has conic generally to be held or offering something radically different. 
Dr. Katz has been kind enough to set me straight on that. The theory that the 
beneficial effect of digitalis lies wholly in its slowing effect is credited to Mackenzie, 
but Mackenzie was careful never to state that benelit is due entirely to slowing, it 
is true that any considerable degree of slowing occurs only in cases of fibrillation. 
That is the thing which attracts attention and which is easiest to measure; and the 
early conclusion was that improvement is due to slowing. Sir Thomas Lewis has 
insisted that reduction in rate is the only mechanism by which digitalis improves 
heart failure. You know better than that; you know that cases of heart failure 
improve after digitalis whether they have fibrillation or not, whether slowing oceans 
or not. You know that digitalis does have an effect on the heart muscle, whatever 
effect it may have on the conducting tissues. 

I do not mean for a moment to deny that digitalis lessens conductivity. It is 
extremely difficult to prove it. If the auricle sends an impulse to the ventricle an i 
one can measure the interval elapsing until ventricular response, I know of no 
proof that that interval represents only transmission time. I have no doubt, however, 
that digitalis <loe3 lessen conductivity. The point I am tiying to make is that in 
view of the well-known effect of the drug on the muscle, we have centered attention 
too much on its action on the A-V tissues. 

I did not have the time to refer you to work showing that in heart failure digittilis 
le.s.sen.s ventricular irritability. It would appear only logical to a.ssunio ('ptirtieuhirly 
with good physiological evidence) that impulses may rciich the ventricle and not 
excite it. It is illogical not to take into account this lowering of ventricular irritabil- 
ity in heart failure as a prominent cause of the slowing. 

If by its muscular action digitalis causes improvement in cases of heart failure 
with nonnal rhythm, will it not Imvc the same beneficial effect on the ventricular 
muscle in the case of such a patient with an auricular circus movement? Must not 
at least a part of the improvement in patients with failure and fibrillation be due 
to the effect of the drug on the muscle, the same as in other patients will failure? 
After dcmonstnition of the fact that in congestive failure the muscular effect of 
digitali.s is .such as to cause imjirovement, wliy disregard entirely this wcll-knouij 
effect of the drug on the muscle and say that in cases with auricular circus movement 
the im;irovement is due to something else? Agents other than tachycardia are well 
recognized as causes of heart failure; relief need not depend on slowing. 

One thing more; There i.s no obligation for one always to try to slow a tachy- 
cardia, whether it is associated with fibrillation or not. It becomes less and less 
a thenqieutie, objective. One used to try to induce slowing in a pneumonia patient 
with f acliycardia. Attention now is directed elsewhere: if the patient improves, tlie 
rate declines. If a patient witli heait failure gels better, iii.s tachycardia subsides 
whether he 1ms fibrillation or not. 

Discussion of the p.ipcr, “The Djm.amic Effect of Acute Experimental Poisoning 

of the Heart With Diphtheria Toxin,’' hy Drs. Katz, Witt, and Lindner. 

Dr A. 71. Darrtrs. Kochester, Minn. — Mr. Chairman, I think we are greatly in- 
debted to Dr. Katz and his i-oworkers for this excellent piece of work. I think 
he is right in diverting our attention from distiirhaiices of conduction as a inrini- 
of diphtheritic infcc-tion of the heart. I thought Dr, A'nfhansori wa« 
here, and i ho;«‘d he would have a word to say because he has done some exce!|i-n; 
v.otk nn tlsis subject and he was one of tlic first men who called my attention So the 
fro t that the T-wavc clumges were prodticc-.i in the electro'rardiogram in patients 
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sick -svitli , diphtheria independent of conduction disturbances. He amplified this 
work still further and reproduced the work experimentally in cats. He also pointed 
out to me the fact that in his experience the patients who had the T-wave changes 
in the course of their illness, even though they appeared to be getting along in 
e.xcellent shape, not infrequently suddenly died and it became his custom when 
these T-wave changes appeared in the electrocardiogram to be unusually cautious in 
keeping these patients at bed rest for a long period of time. I tliink we ought not to 
neglect to give Dr. Nathanson the credit for having called our attention to this 
particular phenomenon. 

Br. if. H. Nathammr, Minneapolis, Minn. — I wish to point out that the results 
which Dr. Katz obtained in his experiments may not be applicable to clinical dipli- 
theria. I do not believe that Dr. Katz intended to leave the impression that the 
acute poisoning wliich he produced necessarily represents the conditions which 
exist in the heart in diphtheria. I studied a group of diphtheria patients through 
convalescence and found marked eleetrocardiogi-aphic changes not uncommon, espe- 
cially if the toxemia had been severe. These patients showed no signs of cardiac in- 
sufficiency. There may have been some disturbance in the djmamics of the heart, but 
this could not be detected clinicall3% 

In clinical diphtheria the electrocardiographic modification maj' be, and usualh' 
is, the only indication that the mjmcardium is involved. An impairment in the 
contractile power of the mj'ocardium sufficient to produce sjTuptoms is rare, and 
when this occurs the electrocardiogram has already shown significant abnormalities. 
Death is usuallj’ sudden, without the development of symptoms and signs of decom- 
pensation. 

Dr. Drew Lxiten, St. Louis, Mo. — Mr. Chairman, it occurred to me when Dr. Katz 
Avas reporting his extremely important work that it probably is another illustration 
of the viewpoint I tried to emphasize, that is, that the important thing is the effect 
on the whole muscle, rather than on such a small part of the muscle as the A-V 
bundle. His curve showed, if I followed him correctlj-, that there was evidence of 
ventricular impairment before conduction changes or rhjdhm changes were observed ; 
and it struck- me as a possibilitA', maA’be a probabilitAq that this very effect on the 
ventricle Avas the tiling that produced the prolongation in A-V time, the muscle being 
involved, perhaps as much as the A-V tissues, in the exhibition of changes in the 
P-K. interval. 

Dr. William J. Kerr, San Francisco, Calif. — I Avouhl like to ask Dr. Katz a ques- 
tion. We know that the French use ouabain a good deal in patients following at- 
tacks of diphtheria, and I Avonder if Dr. Katz has tried such substances on hearts 
studied to see what the result is in controlling the efficienc.y of the mj'ocardium. 

Dr. Katz . — ^In regard to mj-ocardial changes, we have made some sections of these 
hearts, and the pathologist reports that there is nothing to see other than cloudj' 
swelling, no hemorrhages, no evidence of necrosis. Our experiments Avere acute and 
not chronic, a fact Avhich might not permit time for the development of morphological 
or histological effects. In chronic experiments, such as those of Dr. Nathanson, 
and in clinical cases, necrosis has been described. In other Avords, our effects were 
based on functional and not morphological effects. 

I am grateful to both Dr. Barnes and Dr. Nathanson for their discussions, be- 
cause I had no intent at all of ignoring the literature. Dr. Nathanson and I have 
discussed this problem several times, and I am Avell aware of his results. I think he 
Js the first to have pointed out clearly that aside from conduction disturbances one 
should look for changes in the configuration of the ventricular complex. 

I just want to rectify one statement that Dr. Nathanson made. We did not haA'e 
CAidence of congestive heart failure. We did find a rise in venous pressure on either 
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tlic right or left side. These are acute effects in auimals and are important in that 
sucii acute effects may also occur suddenly in imtient.s with diphtheria. 

As regards Dr. Luten’s diseussionj there is no question that digitalis toxin and 
other ])Oisons act on all the propertic.^; of the heart. The j>oiiit is, which of the 
effects are dominant? Our results show that in spite of the slowing, the power of 
the heart goes donm and not up. 

AVe have had no experience with ouabain. 

Discu.ssion of the paper, “Cardiac Asthma (Paroxysmal Dyspnea) and railurc 

of the Pulmonary Circulation,” hy Drs. Weiss and Eohh. 

Dr. A. A. Get man, Syracuse, N. Y. — I should like to ask Dr. Weiss tlie reason for 
the paroxysmal character of the dy.spnea. I understand quite fully, I think, why 
the patients liave dyspnea, bur I do not understand why it should occur in llio 
evening, wliy we see it so often occurring at night, and why it is paroxysmal. Wliy 
do those patients not have dyspnea all the time? 

Dt, Weiss ^. — If Dr. Kerr will permit me, I should like to answer that question 
in a little more detail. I purposely omitted that very important point because we 
had studied it previou.sly and had already reported our c.xpericnce. 

I have tried to take up a few points hearing on tlic lungs only bccau.se I wi.shcd 
to emphasize that, in my ojtinion, the term “cardiac a.sthma” is a good one since it 
ctills attention to the fact that there is not only a cardiac but also a pulmonary ele- 
ment. However, in cases of pure cardiac asthma, the heart is the primaiy trigger 
mechanism. It is in connection with this trigger mechanism that the que.stion asked 
come.s up, namely, “Why do attacks come on in paroxysms and why do they occur 
tnainly at night?” First of all, they do not necessarily came on at night hut may 
occur during the day, especially in advanced cases. On the other hand, it is true 
that a patient may be able to do his work in the daytime and then at night may 
develop serious attacks. We believe the reason for this is as follows: Tlicse patients, 
as I mentioned, have some pathology in the left ventricle which is just on the 
borderline of failure. Even if they are in a high j)illowcd position when they go 
to bed, verv- often during the night they gradually slide down. This lowered po.si- 
tion of the lung.s ])rodi.'!po.cc.s to pulmonary edema. We have actually ohs-erved 
patients whont we have placed in Gatch beds. After they were asleep, wc imve 
lowered the head of the bed and listened for pulmonary signs. At the base of the 
lungs we conhl hear rales develoj). Tiien, while the j)aticnt is still in bed, for .some 
reason the blood pres.sure beconu-.s rather suddenly or gradually elev.-ited. This may 
be brought about by a distcniled bladder, a de.‘:ire to defecate, a night dream, or a 
great many other factors. Thus while the lnng.=! are filling up, the arterial jircs.-'iire 
suddenly become? elevated. At this time the left side of the heart begins to fail 
and blood i.s trapped in the jiulmonary circuit. Tlic jmtient then wake.s up, often 
with a feeling of <listre.“s or fright. This, of counsf, further increases the failure 
of the loft ventricle. Failure nuiv occur in the conr.«e of a few minutes, so that the 
pulmonary circuit iK'come? overfilled and distended. 

Tim jiatient will gri better in one of two way.';; Improvement may oernr sjionta- 
liCously sinee, if the patient stay.-, in bed, be may go into collapse or shock, jiroducing 
rs failure of the peripheral eireul.'ition which acts ;is a vene"ecl!{)n. Tims, jm't when 
v.e think the ycitient*,* eoa’lition has beeoir,!; desperate, he bcgin.s to improve. 

I iie .‘‘i'Coad metho.? of inqtrovemcnt is one comatonly observed. Tim j/fttient will 
tell Viit!. “I have to rimh io the window" or “I have to go to tlm bathroom to 
ray teerj-,,” V.'hatev.'r bodily ehruige c.au-e-s the relief, it is always aS'‘'>"lat'-rJ 
with :-.a ortiifetf.t ;<■ p.-j-iticn, although t!;e patient not know why he has a desire 
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to get up, to stand by tlie stairs, or to go to a ^Yindow. As the patient stands, a cer- 
tain amount of blood is pooled in the peripheral circulation and that relieves the 
pulmonary circulation. 

Almost all the therapeutic measures which are successful in paroxysmal cardiac 
dyspnea are effective because they pool blood in the peripheral circulation from the 
pulmonary circulation, or because they overcome certain vasospastic reflexes, thus 
accomplisliing the same thing. 

In conclusion, in answer to this specific question, we believe that in cardiac asthma 
we are dealing with patients with borderline failure of the left ventricle. In addi- 
tion, I wish to emphasize again that these patients have a reduced reserve of the 
pulmonaiy capillary bed. This capillaiy bed cannot distend; hence a small amount 
of blood trapped in the pulmonary circulation by the factors mentioned, either 
at night or during the day, will be enough to set up the sequence of events described. 

Discussion of the paper, “Cardiac Insufficiency in Coronary Thrombosis,” by 
Drs. Master, Back, and Jaffe. 

Dr. M. S. Naihanson, Minneapolis, Minn. — Dr. Master and his associates find a 
very high incidence of cardiac insufiicienc}’^ associated with coronary thrombosis. 
I wish to point out that these figures are applicable only to the group which was 
studied, a group of hospitalized patients. If an analysis is made of a more general 
group, such as a series from a pathological department, the incidence of cardiac 
insufidcieney is much lower, especially if the cases from the coroner’s service are 
included. In an analysis of 113 autopsies of acute and chronic occlusive disease 
of the coronarj^ arteries, I found that cardiac insufficiency as indicated by clinical 
symptoms and by passive congestion of the liver at autopsy, was present in but 
42 per cent. In 58 per cent, death w’as sudden, and there wms no evidence of cardiac 
insufficiency in the clinical history or in tlie autopsy findings. 

I also found that cardiac insufficiency was far more frequent in coronary dis- 
ease w'hen the heart was enlarged. In 45 autopsies in which the heart weight wms 
400 gra. or less, cardiac insufficiency was present in only 7 per cent, wffiile sudden 
death without cardiac insufficiency occurred in 93 per cent. In 68 autopsies in 
wliich the heart w'eight was above 400 gm. ranging from 450 to 600 gm., cardiac 
insufficiency was present in 63 per cent while sudden death without cardiac in- 
sufficiency occurred in 37 per cent. 

Dr. Daniel J. Glomset, Des Moines, low'u. — I wmnt to make one comment on this 
interesting wmrk; namely, that I do not believe it is possible to call any attack of 
coronary thrombosis or any attack of a myocardial infarct an initial one. From my 
o-wn experience in dealing with somewdiere around 100 of these cases, I believe there 
are a large number of these coronary infarcts which are asymptomatic, so much so 
that I presume that when sj-mptoms are present, it is the second or third attack and 
not the first. 

Dr. Doivard B. Sprague, Boston, Mass. — I would like to point out in connection 
with this correlation between left ventricular failure and combined right and left 
ventricular failure, that, in coronary occlusion, wm are dealing with a very diffuse 
involvement of the coronary circulation, involving both sides, and that the work 
which has just been done in our clinic by Dr. Wliite and our associates has sliowm 
that next to mitral stenosis the most common cause of right ventricular failure is 
failure of the left ventricle. That is, after mitral stenosis, the gi-eatest cause of 
enlargement of the right side of the heart is failure of the left. So that in the 
course of failure of the left ventricle in coronary occlusion involving the left ven- 
tricle, one would expect that tiie strain of this failure would be reflected verv fre 
quently in failure of the right ventricle, which often has also an inadequate cor'onarv 
circulation due to the diffuse coronary sclerosis. 
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Dr. Fred M. Smith, Iowa City. Iowa. — I wish to stress tlic point raised by Dr. 
Natlmnson; viz., that one is likely to get the wrong conception regarding the outlook 
in coronary occlusion from this paper. During the past few years a more optimistic 
viewpoint has developed concerning the prognosis of this condition. The analysis 
of any large series of coronary artciy disease will disclose that a fairly high per- 
centage have had a major coronarj- accident, and yet many of these will have recov- 
ered ndth quite satisfactory cardiac function even though the history oftentimes 
indicates that the patient is permitted to be up and about the next day or even a few 
days. 

There have been relatively few instances of high grade cardiac failure during 
the acute stage of coronary occlusion at the University of Iowa. This perhaps may 
be due to the fact that our patients come from all parts of the state and many 
travel a considerable distance. Under these circumstances the more acutely ill 
patients arc probably retained under the care of the family pliysician. Acute left 
ventricular failure is rather common immediately following cardiac infarction, but 
this is often a transient condition. 

Dr. L. X. Katz, Chicago, 111. — I am sure that Dr. Dack will assure us that the.^o 
precise measurements were not needed to tell whether their patients had congestive 
failure or not. It is a bit hazardous routinely to subject patients with acute 
coronary thrombosis or occlusion with myocardial infarction to some of the.se te.sts. 
Further, it has been stated by a nundier of workers that the saccharin method and 
more particularly the ether method sometimes leads to serious complications. I would 
like Dr. Dack to report on their experience with this method. Have they had any 
fatalities and untoward reactions with these particular methods? The.so are not 
criticisms of the research, but simply made to prevent too much enthusia.sm in using 
these methods routinely. There arc only two laboratory methods which Iielp the 
clinician routinely; one is the electrocardiogram, and the other is the sedimentation 
rate of the red blood cells. 

Dr. .-1. 7/. Dariiat, Rochester, Minn. — I should like to ask the essayist if he has 
any impression that involvement of the septum of the heart, particularly if it is 
extensive, played any ])redominant part in determining the occurrence of congestive 
failure, I am saying this bccau.se I have had a few experience.s lately that hud 
me to suspect that infarction that involves the septum of the heart extensively has 
a much more important part in determining the occurrence of failure than an equal 
amount of infarction situatotl elsewhere in the heart. 

Dr. Dad :. — ^I would like to take up Dr. Smith’s point fir.st. \Vc did not intend 
to paint a pe.«simi,stic picture of the outcome of coronary thrombosis. Jn fact, only 
recently we reported the re.=ults in a large scries of cases. In more than 250 cases 
of coronary thrombosis the total mortality rate wa.s only 10 per cent, which is imicli 
lower than the rate.s quoted in the literature. The mortality rate in the initial at- 
tack. as closely as wc could determine, was only S jier cent, IVe arc thus not very 
pe,‘isiini.«tic about the outcome of coronary thrornbo.sis. All we tried to .eliow was 
that when death did occur, cardiac failure was usually i)rc.sent. 

In answer to Dr. TTatliiinson, we u.«ed ward patients bccau.se they could Is* sub- 
jected to inuch more accurate .ctudy. We included in this series nil deaths, whether 
they occurred one minute or two months following admission. Wc have thus in- 
cluded all the sudden deaths in thi.s scric.s. 

There were two .sudden dcath.s among the thirty fatal c.ases, and these ease.s did 
not sh.ow cardiac, insufilc.iency at clinical or po.^t ■mortem examination. One of these 
patiimt® d!(.^l of rupture of tlm left %-entrich‘ and the other of a convulsive seizure, 
rac^e unknown. AH the other twenty-eight patients showed severe left and right 
c.:i nl iac i a.suf! icie ncy. 
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Concerning initial attacks, I think we were very careful in searching for a history 
of a previous attack. Of course, some closures are silent, and the presence of a 
previous thrombosis can be determined only at post-mortem examination. Tlie 
majority of the hearts in the fatal cases show more than one closure. 

Dr. Sprague’s point about the cause of right ventricular failure is just the point 
that we tried to make. We never observed right ventricular failure alone ; it usually 
followed left ventricular failure, and we think it was due to the severe strain put 
on the right ventricle following failure of the left. 

We never observed a fatality following the determination of the saccharin or 
ether circulation time, although there have been one or two reports of fatal cases 
following the use of ether. However, in using saccharin one must not inject outside 
the vein, otherwise there is a very severe local reaction with much pain. We do not 
advocate these tests for routine use in diagnosis of cardiac insufficiency. We think 
that their main value lies in research study. We agree with Dr. Katv. that most 
of our diagnoses could have been made without these tests. 

One more point is that in most cases we can obtain as much information from 
the simple determination of the vital capacity as from the arm-to-tongue circulation 
time. In most cases it was a more delicate test of cardiac insuf&ciency than the 
other circulatoiy measurements. It was very valuable in following the course of a 
patient ill with coronary thrombosis. It is usually low after the closure, and, as 
the patient improves, it gradually rises. If the patient gets well, the vital capacity 
usually returns to normal. 

Twenty-two of the thirty patients who died came to post-mortem examination. 
Of these, eleven showed gross infarction of the septum, whether the left or 
right coronary artery was occluded. All of these patients except one had 
signs of severe right ventricular failure in addition to left. Tlie one exception 
died in pulmonary edema without signs of right ventricular failure. The eleven other 
patients, however, developed left and right ventricular failure even in the absence 
of septal infarction. Investigators like Fishberg think that when infarction of 
the septum occurs, right ventricular failure almost always follows. Libman has made 
the observation that signs of rapidly appearing right heart failure a few hours 
after a thrombosis indicate septal infarction. 

Discussion of the paper, “The Differential Diagnosis of Congestive Heart Failure 

and Constrictive Pericarditis (Pick’s Disease),’’ by Dr. Sprague. 

Dr. William J. Kerr, San Francisco, Calif. — I should like to ask Dr. Sprague 
about the specific gravity of the fluid in the chest and in the abdomen in such cases. 
How often does he find a high specific gravity? And what significance does he 
attach to this finding? 

Dr. Stexoart E. Eoberts, Atlanta, Ga. — This paper is well worth while. Con- 
strictive pericarditis is so relatively rare when compared to the frequency of con- 
gestive failure that the former condition may not be even considered. In the South, 
due probably to the few cases of rheumatic fever compared with colder climates, 
it is a rare condition, though in the last year I have seen three cases. Tlie third, 
fourth, and fifth ribs were resected in one of these cases, according to Brauer’s 
operation as modified by Graham and done by Elkin. In the advanced degree of 
dyspnea, ascites, and little cardiac reserve, the two-stage operation may be wise and 
safer. Another patient lived to be seventy-four years old, but autop.sy revealed 
the constriction and multiple external adhesions but no calcification. Another patient 
at the age of thirty-foui years had the usual signs of constriction, concretio cordis, 
dyspnea, and pedal edema for eight years, marked systolic retraction of the epigas- 
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{rium, and the anterior loft interspaces, but no Broailbcnt’s sign posteriorly. Pick's 
disease is not only often missed when it is present, hut also it may be suspected when 
it is absent. 

As Br. Sprague stated, Broadbent’s sign i.s often absent. Its absence is no 
proof that constriction is not present. Its presence is conllrining and intimates 
need for proof of constriction. Excellence in cardiac diagno.sis would discover con- 
striction before early heart failure develops, much less proceeds to the degree of 
c.vtreme congestive failure. lYhcn the diaphragm is tied by adhesions to the liver and 
spleen, and the liver is large, expiration ceases to be normal, and after years of 
varying degree of dyspnea, extreme emphysema may develop in the young as in the 
thirty-four-year-old man mentioned above. Betraction of the posterior intenspaccs 
may occur without epigastric pulsation or retraction, or epigastric retraction without 
the posterior interspaces moving. A dull ache arising in the prccordial region and 
felt through to the left scapular region is suggestive. The diaphragm may be 
flattened bilaterally botli by the emphysematous lungs above or by' the adhesions 
below, or by both conditions. The firmnc.«s and largeness of the liver arc suggestive 
of constrictive pericarditis. The lower border of the liver may reach to the iliac 
spine. The costophrenic angles may’ be filled with dense adhesions and misinter- 
preted as the fluid of a bilateral hydrothorax due to congestive failure alone. The 
pulsus paradoxicus should indicate the right cardiac diagnosis. Every case of 
congestive failure of doubtful etiology should include the technic of inspiration 
M'ith the fingers on the radial artery. The ab.sence of the apex beat or its indc- 
jiendence of position and gravity intimates that more than ordinary congestive 
failure is pre.sent. Previous rheumatic infection with too early signs of early 
failure or congc.stive failure should raise the question of constricting adhesions. 

A careful fluoroscopic study by the cardiologist himself is well. Tlie heart that 
seems to beat by standing still at once raises the question. The amplitude of the 
systolic contraction may be a mere flicker in constriction. Tlic wall of the poor 
ventricle is dravvn out, but it cannot pull in as it would. Tlio dense streaks and 
shadows of a concretio cordis may be apparent in the fluoroscopic study and be 
mi.s.sed in tlie teleogram. AVhen calcification is suspected, films taken with the 
further aid of the Buckey ajiparatus, and laterally as well as anteroposteriorly, 
may bring out far more clearly the proof and the degree of the calcification. 

This is a difllcult differential diagnosis to make. One would do well to maintain 
a menfai attitude of care not to overlook a constricting pericarditis rather than 
the more dogmatic attitude of satisfaction that it is certainly not present. Not 
every patient with constricting pericarditis has congestive failure at the time of 
examination, and by far tlie majority of cases of congestive failure have no con- 
stricting adhe.sions, but the differentiation involves care in examination and equal 
care in interpretation and conclusion. Br. Kpragiie. ns usual, has read a good 
paper and rendered another service. 

7>r. Hcorflc Ifi'rnnnnn, Galve.ston, Texas. — Br. Sprague has brought to our atten- 
tion a very important group of cases and luis contributed observations that are of 
inestimable value. I think, however, that the enthusiasm for surgical intervention 
should not be allowed to pass michnllcngcd or without a word of caution, T have had 
ju'A a few experiences that have impressed upon me the necessity for caution. Hrst 
of all, it must be admitted that for the most of us tlio diagnosi.s of constrictive peri- 
carditis is diflicult to make with certainty. Our experimental studies siiggo.=ted new 
diagno«tic mPtho<ls whiclt may now be realir.ed with the kyinographic study of move- 
ment-s of the luart and the electrocardiographic, .ctiney of Bftrnes. No fliagno.it in 
stone must be left unturned, we aiu.st in«ist upon adequate evidence for 1 know of 
two inste.nfc'f in which tin' j>rricar<Hum w.as explored and found to be smooth and 
free throughout. Such mistakes wp shonW not make, of conrEc. 
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The, other, aa error of omissioa, is even more difficult to avoid, I refer to the 
recognition of the possible presence of a scar of the preceding myocardial infarction 
in a patient with adhesive pericarditis stenocardia. It is often a question of the 
interpretation of the sj-mptoms. I believe that we might state that if there is a his- 
tory of an acute pericardial process having been preceded or accompanied by severe 
pain, one should be cautious in making a diagnosis of acute pericarditis. One case 
in point was. a young man who told of having had four years previously an acute 
attack of precordial pain which was accompanied by a friction rub and diagnosed 
as acute pericarditis. He had never recovered his usual exercise tolerance and care- 
ful study revealed clinical, roentgenographie and cardiographic evidences of ad- 
hesive pericarditis. He was scheduled for operation, but three days before opera- 
tion, while on his usual afternoon ride in the country, he collapsed and died. At 
autopsy he presented adhesive pericarditis, it is true; but the pericardium formed 
most of the anterior wall of the heart, so that the decortication in his case would not 
have been a very successful procedure. 

Another patient gave me a story of an attack of pain eight years previously 
along with a friction rub and sjunptoms of a very distressing type, u-ith cyanosis and 
collapse wliich were considered to bo the result of pericarditis with effusion. The 
case was followed veiy carefully by a physician, and recovery seemed complete until 
eight years later when symptoms of heart failure appeared. The failure was more 
of the type that has been described so well by Dr. Sprague as failure of constrictive 
type. His congestive failure cleared up, and we were ready to have him operated 
upon. Fortunately for us he developed acute bronchopneumonia and died. He had 
adhesive pericarditis, it is true, on both sides of the heart, but anteriorly he had an 
aneurysm of the pericardium. There was a hole about 1.5 cm. in diameter througli 
his left ventricular wall, and it was completely healed at the borders and tho blood 
had been passing through it out into the pericardium and flowing back again. 
Operative procedure in this case would have been a difficult matter also. 

I believe therefore that caution is in order in the diagnosis of constrictive peri- 
carditis before undertaking surgical treatment. "We cannot be too careful in the 
study of such patients. 

Dr. Harry A. Eicliter, Evanston, HI. — ^How much fluid is necessary in acute 
pericardial effusion to make a diagnosis'? Williamson and Willy in 1918 showed 
that small effusions tend to localize in higher levels at the base of the heart rather 
than at the apex. 

I recently cared for a man with coronary occlusion wlio had a paradoxical pulse 
and other signs of pericardial effusion, which gradually increased in severity over 
a period of seven months, when death occurred. At autopsy a thrombosis was 
present in the left anterior descending coronary artery, and areas of infarction 
in the anterior wall near the apex, and 300 c.c. of clear fluid was present in the 
pericardial sac. The question came up as to wliether or not the patient could 
have been helped by paracentesis. 

Dr. A. B. Barnes, Rochester, Minn.— hir. Chairman, I am afraid that Dr. Sprague 
has oversimplified this question of diagnosis. I have no doubt that in his hands 
it is easy, but I haven T found it so in my own. He did not stress the electro- 
cardiographic findings. 

I was sorry that Dr. Herrmann did not take the opportunity to discuss them a 
little, because he and his associates have rvritten a most excellent paper on the 
, subject. 

^ We are at present engaged in an investigation of the electrocardiographic changes 
m pericarditis. I would like to call your attention to two or three electrocardio- 
graphie, changes that have been bf assistance in making a diagnosis of pericarditis. 
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In the first ])hice, the electrocardiogram may record and reflect the fact that 
coronary occlusion is complicated by pericarditis. I pointed that out in a little 
jnihlication. and the characteristic feature is tlic upward rounding and slight eleva- 
tion of the RS-T segment in ail load.s. Tlmt type of tracing occurring in tlie presence 
of known occlusion indicates unmistakably, as far as I know, that that patient hns 
a complicating jiericarditis. 

Now after having made that observation, I have had the opportunity to observe 
acute inflammatory pericarditis, and I have some excellent examples in which acute 
inflammatory jiericarditis was indicated by this peculiar upward rounding and eleva- 
tion of all IbS-T segments and in one of which it was impossible by any of our 
methods of clinical examination to make the diagnosis which was proved at autopsy. 

A few years ago Dr. Wfliitton and I had an occasion to study this, and we were 
struck Avith the fact that in adherent pericanlitis there were an unusual number of 
fracings in which the T-wavc Avas negafiA-c in all three leads. Dr. Sprague called 
attention to the fact that the T-aa-ua-o maj' be negative in Leads I and 11, and 1 
quite agree Avith that and that the S-T segment may have a contour Avhich resembles 
more or less closely that observed in an old healed myocanlial infarction. The 
occurrence of negative T-waves in all three leads is a rather unusual electrocardio- 
graphic finding in general and that alone, or csi»ecially if coupled Avith Ioav voltage 
in all leads, calls for careful exclusion of pericarditis. 

Dr. Simon Dad:, Noav York, N. Y. — I AA'ould like to ask Dr. Sprague hoAV many 
of his cases of restricted pericarditis or calcified pericardium A\x*rc sub.jcctcd to 
surgery and what rlic results Averc. 

Dr. Jamrs A. Lyon, ^Vashington, D. C. — I should like to ask Dr. Sprague Avhat 
the surgical management of these eases has been. 

Dr. Spraync . — I am sorry, Dr. Kerr, that I am not able to give you statisticiil 
data on the specific gravity of the fluids from the abdominal and pleural cavities. 
Tliere were seven cases Avith pleural effusions, n transudate in each case. 

Dr. Tlcrrmann has Aviscly cautioned us about surgical attack on these cases. 
I agree Avith him entirely that the .‘ilory of pain at the beginning of an attack 
sfioAving later pericarditis should make us very suspicious about the underlying 
pathologA-. T!ic point about Pick’s disease, hoAvevor, is that one A’cry infrequently 
secs the onset of the condition. If he docs see the early stages, it generally ajipears 
to be fairly easy to make the diagnosis of acute, then subaeate, tlien ebronie jieri- 
cardial iutlammatian, progressing Aety slowly over a matter of months, associated 
Avitli f<‘ver and the evidenei? of fluid in the perieardiuin. I should not feel that in 
e.'ises of eoronary oi-clusion the patients wc see AA'ouhl be Ibreatened with 
surgery and resection of the pericardium because in coronary ocelusion and certainly 
in those caseji Avhich develop aneurysm of the ventricle the lieart is badly damaged 
and is always enlarged. In tlie ease.s of Pick’s diseai-'e tlmt avc oiierato on, the 
iieatt is small. 

■The question of hoAv iinieli fluiii is necessary for the diagnosis of acute peri- 
carditis from n pr.actical point of view is not A-ery important, beeau.«e in acute 
ertsc'S one does not do anything about tie- pericardial effusion unless the signs of 
cardiac erobarrassment arrive, that is, fall in blood pressure, increasing distention 
of tlie veins of the neck ;ind enlargement of the liver. If there is not enough 
perjcnrdial fluid to jirodiice the picture, it is not necessary to go after it Avith a 
r-veept for your rnvii dingno'-tic. sat i.sfae.tinn. If the diagnosis of fluid in f!ie 
|H->r5i-ard!um i« Aery ipiiMt ion able. j{ .«ee:np hnrdl.v Avorfb wliile to try to tap the 
j''-ric,ardinm. 

I agris- v.-ith Dr. Tiarties and Dr. Ilernnann that it is very difliciilf to diagnose 
th.rse nf ’s di'-east'. In {lie pa*-t .*eA-en yetirs A'.e have iiad intensive interest 

in our clinic throagb Dr. White ’.s group and Dr. Churchill 'a group. Before that v;e 
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liad tlie unfortunate experience, when the Brauer operation of thoracolysis was 
being done, of going in and finding the heart entirely free frota pericardial ad- 
hesion, both to the chest wall and between the layers of the pericardium. 

I nush to agree decidedl}’’ ndtli Dr. Barnes on the subject of the electrocardio- 
gram. I mentioned only the findings which we had in all the cases, and we have 
come automatically to consider pericarditis when we see the S-T and T-wave change 
in all three leads which he has mentioned. 

At the present time fifteen patients liave been operated on. Seven have been 
completely cured; one was partially relieved; three died primarily of the disease 
itself; three died of complications. There are two patients living in whom the 
diagnosis is not proved. Unfortunately there is not time to discuss the details of 
the surgical treatment. 

Discussion of the paper, “Studies on the Effect of the Action of Digitalis on the 

Circulation in the Presence of Congestive Heart Failure," by Drs. Stewart, 

Deitrick, and Crane. 

Dr. Drew Luten, St. Louis, Mo . — Islw Chairman: In his summary I understood 
Dr. Stewart to say that digitalis has no con.sistent effect on cardiac output. I 
should like to ask him whether this statement was meant to apply to the effect 
of the drug generally, including both the normal and the dilated failing heart, or 
whether it is applicable specitically to cases of congestive failure. I appreciate 
the fact that in the normal heart the effect is to decrease output, but I got the 
impression from his paper that in his cases of heart failure Dr. Stewart found a 
rather consistent tendency for output to be increased. I should like to ask him 
whether his findings agree with Harrison’s, which were that in the cases of patients 
with dilated failing hearts digitalis produces no consistent effect on the systolic 
discharge. 

Dr. Stewart . — I purposely made the statement that the cardiac output meiy 
increase because tliis being a relatively small number of cases, one can conceive of 
a situation in which, such as in the case of the one patient with auricular fibrillation 
to whom we gave digitalis, the total cardiac output per minute did not change ap- 
preciably. His heart rate slowed from 80 to 50, and the heart became smaller. 
Now the work chart of tliat patient showed that the work of his heart was to his 
advantage at the slower rate and with the smaller heart, although from the cardiac 
output one might not have suspected that. 

I have had occasion, both before Dr. Harrison published liis observations and 
later, to go over his findings and point out certain similarities between some of his 
observations and some of ours. Maybe those in which he observed no change in 
cardiac output or a decrease in cardiac output were those in whicli the heart was 
made too small a pump. There are no observations of his relating to cardiac size, 
so it is not profitable to discuss this point further. 

There is dissimilarity between the observations reported by Harrison and the 
observations which we are reporting in the manner in which the observations were 
made. All of our observations were made immediately before digitalis was given 
and then within twentj'-four hours afterward because we were of the opinion that 
the early effects of digitalis were perhaps the important ones. Those of Harrison 
were made at variable times, both before and after the drug was given. 

Discussion of the paper, “Inhibiting Thyroid Activity in the Treatment of Cardiac 

Insufficiency, A Report of Four Cases," by Drs. Lyon and Horgan, 

Dr. William J. Kerr, San Francisco, Calif.— It seems to me Dr. Lyon has sho^vn 
the right spirit to come before us and present some of the later effects or end-results 
in the limited number of cases of patients treated by this method. I wish that 
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.‘■ome of tliose %vlio were so entliusiastic about total thyroidectomy a few years ago 
would likewise come before us and tell us something about their end-results. 

On the shores of the Pacific wo arc now beginning to see some of the patients 
who were operated on in the first flush of enthusiasm, and the results in those we 
have seen are far from encouraging. I recently saw a literary writer who was 
able to earrj* on and do some i)roductivo work even with a bad heart, but since 
thyroidectomy it has been impossible for her to stay awake long enough to finish 
a sentence, which does not make her a very facile writer. 

Our o\m scries of cardiac cripples upon whom thyroidectomy was done is small. 
We had one patient, however, with a marked aortic stenosis and severe pain of 
anginal type, where there has been almost entire relief of pain following ti total 
thyroidectomy. This patient is a draftsman for a manufacturing concern, and 
formerly he could not work very much on account of pain. He had complete 
relief from pain, which makes life tolerable, but now he cannot work very much 
because he goes to sleep all the time. We arc not able to find the level where 
he is able to kee[) awake, is free from pain, and can do any work. 

This Euhject is open for discussion. Wo have not personally had any experience 
with the method whieh Dr. Lyon and Dr. llorgan have been using, but there prob- 
ably arc a good many who can say something about the section of the sympathetic 
fibers in these cases. 

Br, B. TV. Langlcn, Los Angeles, Calif. — Some of us in Southern California agree 
witli Dr. Kerr with regard to the value to be placed upon tliyroidectomy as a pro- 
cedure in controlling congestive heart failure. I think this very interesting paper 
loaves us more in a quandary than ever as to the rationale of this or any procedure 
which has to do with the interference of thyroid gland function and its relation to 
control of heart disease. 

I would like to a.sk Dr. Lyon about the operative time required for this procedure 
compared with the time required for thyroidectomy and also about the amount of 
shock whicli these patients show following the oportition. 

Dr. Samnrl Shelburne, Dallas, Texas. — Mr. CImirman, I don't see how tliore 
can bo any way to evaluate the work that Dr. Lyon has done bccau.se I doubt if 
any of us have been able to observe patients with this ingenious procedure, i 
think it deserves a trial. However, it would be preferable to leave the trial in his 
iiands for a good while, until wc see how the results of total thyroidectomy arc 
going to come out. 

I have under oh.“ 0 !”vation at the present time a patient on wliom we did a total 
thyroidectoJiiY in March, IDP. 1. He is a typical case of chronic coronary heart 
disease and was thrown info an attack of coronarv- thrombosis liy an injecaiou of 
insulin in Decetnber, IP.';.';. He had been a subject of diabetes for about five or 
six year.s prior to that time. 

'riiis is a e.-ise hi.story on a lantern slide. It is unu.stially satisfactory. Pir.‘<t of 
all, I want to e.all alfention to the change in blond sugar and discuss that briefiy. 
Hoon after the operation, this patient, who had moderately severe diabetes witli 
blood sugar rimtiing up to .'’.00, was l»» all intents and purpo.'-es cured of the diabetes 
by th.» total thyroidectomy. (You will notice it took about six weeks to have an 
ctTc'-t from the operation mi various bodily funetions, ba.“a! metabolism and blood 
sugar.) I think in the future, if we may judge by the few cases that have had 
lot.n! tiiyroidccf omy. diabete? i.« going to bo a/Tfrcted profoundly liy this p.rocedure. 
But, ;!« Dr, Kerr queried, is it worth while to cure the dialK’tes when (he patient 
Las to endure the unhappy .cyrnptoms of myxedema 1 This patient, of course, de- 
■scfnpc.l .•-■yrjipt<im« and sign? of myxe-lcma wiiich were more disagreeable than those 
rtf .Isa!.' !.-.. Scv. ral months after this openition, it bec;ime obvious to u.H tve 
wen- c;*h»r gtfing to have a v.-ry, very unhappy patient or v.e were going to f.ave to 
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put Mm ou thyroid extract. You vrill observe that -when enough thyroid was given 
to control the myxedema, the diabetes returned. I have been unable so far to find 
a happy medium. 

Now, I have been interested for a good many years in the subject of edema, 
and I made some observations on edema in tliis patient. That is the point which 
I would like to pay most attention to at tins time. The patient’s edema was 
made worse by the operation. He developed one of the most extensive degrees of 
edema I have encountered in a fairly broad experience with these patients. It 
was so massive that I had to use needles to drain fluid from the subcutaneous tissue. 
Since Southey tubes were not available, we used Lindeman tubes which are just as 
good and, of course, cost much less. These were inserted tmder the skin of his 
legs, draining off large amounts of fluid. The edema was I'educed. Thereafter 
we found that the usual diuretics were effective. 

Wlien the amount of thjToid, as shown in this chart by the depth of tliis black 
area here, was increased, this patient had less edema but he had a higher blood 
sugar and much sugar in the urine. It is obvious that this patient had less edema 
when he was on large doses (2 grains) of thyroid. 

Dr. Blumgart, of Boston, advised me that a tenth of a grain or a fifth of a 
grain would be sufficient amount of thyroid to use. You see, in this instance, -we 
cut do-wn to about a fifth of a grain. During that period of low thyroid intake, 
his weight started right on up, and Ms edema returned. You see how frequently 
here we gave him mercupurin, a new diuretic which has proved very satisfactory 
to us. He does not have any sugar in his urine and his blood sugar is low. This 
will continue as long as we keep liirn on the low intakes of thyroid extract. 

So, I would say that it is going to be a matter of time before we will be able to 
judge the effects of total thyroidectomy. This patient was one of the early cases, 
and he has been very closely observed. It seems to me that it is going to take a 
long time to find out whether we can strike a delicate balance between the various 
metabolic disturbances. There seems to be no question on the part of the men 
doing the work in Boston that this procedure is of great value in angina pectoris. 
This patient has had no pain since he had the operation. I sincerely doubt the 
value of the operation in the control of other S}-mptoms and signs in heart disease 
or any great value in diabetes. 

Dr. If. E. XaiJianson, Minneapolis, Minn. — Dr. Kerr mentioned the physical and 
mental sluggishness and exliaustion of patients in whom a total thyroidectomy has 
been performed. I would like to suggest the use of a new substance, phenyliso- 
propylamine (benzedrine) , which appears to have a striking effect on these symptoms. 
Introduced recently by Prinzmetal and Bloomberg for the treatment of narcolepsy, 
I have found that there is a marked amelioration of such symptoms as fatigue, 
exhaustion, and drowsiness, which may be considered as mild narcoleptic manifesta- 
tions. 

I have not treated any patients following total thyroidectomy with benzedrine, but 
I have found striking improvement in the general condition of a group of patients 
uith low metabolic rates who had little or no benefit from thyroid extract. The 
dose of benzedrine is small, 10 mg. once or twice a day. The peripheral s\Tnpatho- 
mimetic effects which might be very undesirable in cardiac patients, such as increase 
in cardiac output and the pressor action, arc not produced by these small doses. 

Dr. Eoivard B. Sprague, Boston, Mass. — I think perhaps I might be allowed to 
say one word since I come from the city where this procedure, complete thyroidec- 
tomy, originated. I merely wish to summarize the situation at present in Boston 
in this way by saying that at the Massachusetts General Hospital we have not 
performed any complete th\-Toidectomios for a considerable time I think for a 
year; that at the other clinics in Boston, they are definitely in the 'stage of study- 
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iiig till' (.•asos which have already been operated on and tlie enthusiasm for the 
procedure is definitely on the wane. Ever so often instances of quite roinarkahle 
relief after the procedure, whether related or not, are reported. The groat ditliculty 
is the one of .selection of cases .and no one that I know can tell before the operation 
what type of patient will be benefited. Dr. Lyon’s procedure has the advantage 
of being a less serious operation and it appears that even after complete ablation 
of the gland the metabolism level does not correlate with the degree of clinical 
improvement. It may be that some other factor is involved, as Dr. Lyon’s work 
suggests, and that his operation will give another scries of eases which should 
be followed over a long period of time before the whole matter can be completely 
assesse<l. 

Dr. Merritt B. JVhiiten, Dallas, Texas. — T would like to ask the essayist if any 
post-mortem study was made of the thyroid gland, in the cases that came to po.st- 
morlem examination, and if such a study was made, did it reveal any changes in 
the size or structure of the gland which might be considered a result of the opera- 
tion ? 

Dr. Lymu — The operation has been performed in 12 case.s, S of angina peetori.s 
and 4 of cardiac insuilicicncy. In the anginal group, (5 of the S patients have had 
no recurrence of angina pectoris for postoperative periods of from 5 to 28 months. 
One patient was not relieved of his attacks. There was one postoperative dciitli. 

Prior to operation the patients are kept at complete rest in bed for from two 
to eight weeks. In the cardiac insulTicioncy group, operation is j»ot carried out until 
all signs and sym])toms of congestive failure have disappeared. The imfienf i.s 
anesthetized by an inhalation of ethylene and a lotml infiltration of novoi-aine. A 
collar incision is used similar to that employed for a thyroidectomy. The o]»erntivo 
time is about forty-five minutes. 

■\Vc have made no biop.sy or post-mortem study of thyroid tissue in tliis series 
of easc.s. 

It is our opinion that metabolic readings are frequently not reliable indices of ii 
patient’s b.-isal metabolism. This is especially true of [)atients who, because of 
aortic regurgitation, cardijic asthma, severe dysjmea, or cxircnic nervousness, are 
not able to cooperate in making the te.st. We, therefore, check the basal metabolic 
rate by the blond cholesterol level. 

As to what constitutes improvement, wc consider such changes in the patient's 
condition as the following: 

1. A cessation, or a marked lessening in the freciuency, of attacks of cardiac 
insufliciency. 

2. A definite increase in the patient ’s ability to carrj' on regular employment 
without a return of synijitoms of conge.slive failure. 

". A definite increase in the amount of exertion which the patient can undergo 
v.-ithout discomfort, such as dyspnea, ra^iid heart action, or ])ain. 

•?. A lowering and stabilization of the patient's blood pressure or heart rale. 



The American Heart Journal 

Voii. 12 November, 1936 g. No. 5 


Original Communications 


k NEW METHOD FOR DETERMINING THE CIRCULATION 
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A Preliminary Report’^ 


T he numerous eontriluitions dealing with blood velocity or circula- 
tion time which have appeared in tlie literature during the past few 
years have greatly increased our Imowledge concerning the rate of 
blood flow in man. Attention has been focused on this factor as it is 
related to the function of the heart and the thyroid gland, to poly- 
cythemia,^- ‘ to pituitary states^ and to other pathological conditions. 
In addition, such generalized reactions as those produced by exercise^ 
and artiflcial fever®- ® have been studied. 


The methods previously described have not lent themselves to the 
determination of the circulation time to the various extremities. As a 
result, the use of this approach to the study of vascular impairment of 
the extremities has not, to our knowledge, been seriously considered. 
An ionization method recently described by McCracken, Sheard and 
Essex" may prove to be suitable for such studies, but it requires elabo- 
rate apparatus and is strictly a laboratory procedure. Calcium chlo- 
ride®- ® has been used for the determination of circulation time from the 
elbow to the throat but was not widely used because of the danger of 
slough at the site of injection and the lack of satisfactory response in 
some patients. Careful observations of the reactions at the tips of the 
extremities were not emphasized, although all workers using calcium 
compounds inti-avenously are familiar with such reactions. 
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Tlie possibility of such a method was the incentive foi' the work 
heroin reported. 

It seems essential that the following conditions should be met in 
order to .iustify tlie use of any agent for inti*avenous circulation time 
studies. 

1. The substance must be nontoxie in the dosage employed and, if 
possible, totally innocuous to the body or any of its parts. 

2. The reaction evoked must be definite in both normal and patho- 
logical conditions. 

3. The agent should be eliminated from the system with facility, so 
that repeated tests may be made within reasonable ])eriods of time with- 
out jeopardizing the welfare of the patient. 

4. The method should not influence the velocity of the circulation, at 
least until after the desired reaction has occiirred. 

5. The procedure should be teclinieally sim])lc. 

6. It should permit the expression of normal and pathological states 
in terms of figures wliieh will lend conciseness to the understanding of 
the conditions lieing studied. 

The purpose of this paper is the presentation of an agent Avhich, in 
our opinion, fulfills the above reciuirements, together with ])rcliminary 
studies of its use in normal and pathological states. 

Preparation of the Agent . — A solution containing 42 gm. of mag- 
nesium sulphate, IG gm. of calcium gluconate, 0.9 gm. sodium chloride, 
and 1 mg. of copper sulphate in 100 c.c. of distilled water is prepared. 
This solution juust be prei)ared carefully, as tlie calcium gluconate is in 
proportion, in a supersaturated solution. In order to obtain a state of 
supersaturation, the calcium gluconate must be fresh and free from any 
hygroscopic water. Tlie calcium gluconate is added to the water iir a 
partial vacuum with the water at tlie boiling point. When all of tlie 
ciiliMum ghieonate has entered into solution, the sodium chloride and 
copper .sulphate are then added. Finally, the magnesium suliihate is 
added, and the solution is filtered through a double layer of filter paper 
which has been moistened with distilled water. The solution should, at 
this point, be cry.stnl clear. It is placed in a sealed container and sub- 
jected for seventy-two hours to 12° C. temperature. At the end of this 
time, it is again filtered and measured, and any deficiency in volume is 
made up by the addition of distilled watiT. It is then autoclaved, ac- 
cording to the .standard technic, and, after it has been removed from the 
autoclave, sanpiles are taken to cheek on the hytlrogcn inn concentration. 

In our experience with the use of hard glass containei’s, l!u; jill of 
this solution li-nds to drop. It has been helpful to use a soft glass 
contaijier to inaintain a pH of 5.5 or higher, but if autoclaving reduces 
the pll below 5..1, it can be bufiered with .sodium piios])hato or sodium 
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citrate. The only reactions we have observed following the nse of this 
solution have occurred when it has been injected while at a pH of 3.5 
or less. 

ToxicUy.—MQlimv and Lncas^® in 1907 reported that magnesinm 
salts, when injected hypodermically or intravenously, are highly toxic. 
They depress the heart muscle and the central and peripheral nervous 
systems. The daily requirements of magnesium are estimated at 0.6 gm. 
The ordinary diet contains 0.192 to 1.2 gm. (Sherman, Mettler and 
Sinelair,^^ 1910). 

After absorption or with parenteral administration of small doses, 
the excretion of magnesium occurs practically exclusively through the 
kidneys, only a small part being excreted through the large intestine. 
Jaeobjq^^ on the other hand, claims tliat, in the human subject, after 
parenteral injection of veiy large doses of magnesium against tetanus, 
the greater part is excreted by the intestines, although its concentration 
in the urine exceeds that of calcium. 

The toxicity of the magnesium solution is probably an ionic action. 
It is thought that the ionic activity may be exerted only on the surface 
of the cell, especially by altering the permeability of the plasmie mem- 
brane and that the antitoxic actions also affect mainly the permeability. 

The high resistance of cells to the penetration of ions makes any in- 
ternal effects improbable. 'W. Straub^^ in 1912 demonstrated that cal- 
cium acts strictly upon the cell membranes. Tlie promptness bj’- which 
the effects can be removed by the addition of a second salt also speaks 
against absorption. It is very probable that the single salt solutions 
disturb the semipermeability of the membranes (J. Loeb, 1914^^), thus 
interfering with the maintenance of the electric potential which deter- 
mines irritability. Increased permeability would also produce chemical 
changes by permitting the entrance of foreign ions. The increase of 
either calcium or magnesium depressed the muscle and nervous struc- 
tures. The effects of magnesium may, nevertheless, be removed by the 
addition of calcium. Calcium also antagonizes the inhibitory effects of 
potassium as well as the stimulant effects of sodium (Meltzer and Auer, 
1908^^). Even more complex relations were discovered by Joseph and 
Meltzer^'^ in 1910. Injection of magnesium into the lymph sac produces 
a curare action, paralyzing the muscle nerve endings, but not the mus- 
cle. The excitability is restored by calcium. Perfusion of magnesium 
paralyzes the muscle as well as the endings. Calcium, by itself, then, 
has no restorative effect. Sodium restores only the muscle. Sodium 
plus calcium restores also the endings. Tadokoro^^ in 1918 asserted 
tliat the velocity of calcium ions througli colloids is increased by the 
presence of magnesium salts, whereas the diffusion of magnesium, ion is 
retarded by calcium salts. On the other hand, the diffusion of glucose 
through the cells is favored by calcium and retarded by magnesium. ' 
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The solution 'vvitli %\iucli wo. arc floaling is a true ionic solution; ])c- 
cuiiar to inns, especially the ions with which we arc dealin.ir. is their 
antitoxic action. This antitoxic action must, not he confused with the 
haeferiolopeal meaning: of the same c:xi>re.ssion. Loch’'’ and i\roltzer 
and Auer’'- clearly showed that the toxicity of an elcctrolite can he veiy 
trrcatly lessened hy the addition of another suitable clectrolite, some- 
times in a very small proportion. The mechanism of this antitoxic 
action has been e.xphiined at various times in various ways. Stewart,’" 
in 1002, sii'TSiestcd that it mipht, he exjdained in some cases hy altera- 
tion of perineahility preventing o.smotic chanp:c.s or the penetration of 
harmful ions. This work was confirmed by Loch’®'"" in his work on 
balanced salt T’atio.s. 

jNrathews"’ attempted to sliow that the cation.s and anions are both 
concerned in the toxic and antitoxic actions and that the valency had 
no direct connection with cither action. Althon^h, however, the mccha- 
ni.san of this phenomenon is not clear, and no theory has ever fully ex- 
plained it. it is known that calcium is especially and peculiarly antitoxic 
to magnosium. 

The solution herein ])ro.senfod is not a balanced salt solution in the 
usual sen.se. It is halaneod only in terms of its ionic toxicity. The cal- 
cium that this .solution contains is present solely for its antitoxic action 
on the macnesium ion.s. Its principal purpo.se is not to reinforce the 
stimulus ])roducod, althouirh it may contribute in a minor way in this 
reerard. lifapmcsium sulpliatc reacts to form a precipitate with most 
calcium salts and especially with those that are appreciably soluble. "We 
have attomj)ted to use calcium chloride, caleiuin suljdiato, calcium ]e\ai- 
linate, and calcium doxtrinate, but have found calcium gluconate to ho 
tlje most satisfactory. In our experience, this solution herein presented 
is nontoxio and docs 7iot give evidence of changing the heart rate, the 
blood prcs.sure or the circulation lime until aftei' the limited aiul fleeting 
re.H-tion we d(‘.sirc has passed. We linve repeated this test frequently 
hi the .s;unc individual without any delctcrions effect. 

The cop])cr sulphate is used in this .solution as a presei'valive against 
•sfiores and molds. Molds are difiicnlt contaminations to control, and, 
imle.'^.s the solution is projiared and prc.served immediately in niniiulcs 
according to the lechnic for ampule ])reservation of the U.S.P. XJ, spores 
are also common contaminating organism.s. The present formula repre- 
.scfUts the eiglify-seventh with wliich we have expcrirnenled, either chem- 
icrtlly or hiolocrically. and, hence, we tem U Formula No. 87. 

Trrhnir of Adminisiraluin. — The lechnic of administration is .similar 
to that uscfi for most ijitnivenous circulation time te.st.s. Two cubic ccnli- 
Uictere of this solution is drawn up in a .syrinee that, has beeti fitted with 
.an 18 e:u’.t.'c inintv* notes nccdlc. This .sointion is injt'Ctcd rpiickly and 
easily into the antccubital vein. The time i.s tahom from the commence' 
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ment of the injection, because the response may come with a minimal 
amount of the drug, and because the time of injection is so short for 
such a small amount of solution (average: % to % sec.). 

Technic of according Results . — ^Before the iDi’oeedure has been started, 
the patient is informed that something is to be injected into the vein, 
that a definite sensation of heat will sweep over the body in less than a 
minute, and that he must observe carefully and not become confused. 
He is instructed to report immediately the site of sensation, as follows : 
"tongue,” "perineum” (we usually have him use the word "crotch,” 
because it is much shorter and less technical), "right hand,” "left 
hand,” "right foot,” "left foot.” If the order of sequence is changed, 
the patient, naturally, varies the order of report according^. The sen- 
sations may be present elsewhere in the body, but we have concentrated 
on the times to the above mentioned points. Stop watch times have 
been doubly cheeked in the series of tests we are reporting. 

Usually, a mild spasm of the platysma and sternocleidomastoid can be 
observed immediately before the patient reports the sensation in the 
tongue. Occasionally, the confusion of the rapid action renders the first 
test unsatisfactory, but, once the patient has experienced the sensation, 
less difficulty is met with in the second attempt. We have repeated in- 
jections within ten. minutes without any deleterious effect. 

Side Actions . — In more than two liundred fifty injections with this 
material, we have had only one case of mild thrombosis of a vein. We 
have had no instances of sloughing. Early m our investigation, before 
the hydrogen ion concentration of the solution had been rechecked, after 
autoclaving, several subjects reported additional mild reactions from 
the use of this solution. These reactions took the form, of chilly sensa- 
tions recurring for periods up to eight hours. On checking the solution, 
however, we found that the liydrogen ion concentration was at 3.5 or 
less, and, since this has been rectified, we have had no such experience, 

RESULTS 

The results presented below must be regarded as preliminary studies 
only. With the possible exception of the normal group, the figures are 
based on series too small to draw conclusions from. They are, however, 
interesting, and further work, to be published later, appears to confirm 
them generally. Table I contains all of the essential statistics. Certain 
points need clarification or emphasis. Six anatomical regions, namely, 
the tongue and throat, the perineum, the right and left hands and the 
right and left feet, were selected for this study. As may be seen 40 
tests were run (35 different subjects) on so-called "normal” individ 
iials xmder lorty-flye years of age. The average figures, together with 
the range and the average deviations, are noted.' "We have used the 
term, "blanks” to indicate tests in which no sensation was reported by 
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the patient in a given area. ^Vc have modified our solution since the 
heginning of thi.s work, with the result that the numher of “blanks” has 
been reduced. It i.s significant that, Avhcrca.s, with the confusion of the 
first reaction, the patient may forget to report all areas, repetition in 
“normals” re.sulls in the reduction of the numher of “blanks” to a 
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very snuill iKTcentago. The ]>cr.sistently ])oor reaclonj may be palicnt.s 
wit a early vascular impairment, although we have accepted a.s “nor* 
nml.s'’ oa!y tfiose in whoTsi \ve could find no evidence of vascular damage. 
All were taken at. rc.st. Whether the patient .sat uj) or wa.s lying 
suio'm- did not ,s*-(‘rn to rifiV-ci fhi* figurcfi, so Jong n.s the injected ann wa.s 
at the he.art Iia'cI It w’ill lw> seen that the normal figure.s for arm-to- 
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tongue circulation coincide closely witli those of other methods, although 
the range is somewhat wider. The figures to other areas are submitted 
as new and preliminary leads, but not as standards, because of the 
limited series reported at tliis time. 

Study of the other figures, dealing with the small group suffering 
from the Eajmaud’s sjoi drome in wliich spasm is a marked factor, shows 
essentially no deviation from the normal, except that the figures for the 
times to the feet are increased. It is interesting that the one patient 
who gave no reactions in the perineum, left hand, and both feet had 
advanced, generalized selerodermal changes. It was to be expected that 
these patients with spastic, but slight if any, organic change would show 
a fairly normal response when not in a spastic phase. We are at present 
trying to compare the reactions in the spastic phase as against those in 
the dilated phase. 

In considering tlie organic diseases of the vascular tree (thrombo- 
angiitis obliterans and arteriosclerosis) , we note definite increases in the 
average circulation times, as compared vdth the normals. In the 
thrombo-angiitis obliterans cases, the tongue and throat figure is in- 
creased, but this might well be within possible normal limits, consider- 
ing t])e small series. It sliould be noted tiiat the percentage of blank 
tests is increased and, in these cases, repetition of the test did not pro- 
duce tlie sensation, as it frequently did in normals. An analysis of these 
cases showed that the figures were not dependent on the patency of the 
major vessels alone but that good collateral vessels would permit the 
passage of the substance rapidly. In general, the extremities with ap- 
parentlj^ the poorest circulation were the ones with the slowest times, 
or “blanks.” In several instances, however, we were surprised by the 
reaction; this fact draws attention to the possibility that we may be 
dealing vdth a new method of value in studying the circulatory system 
as a whole. In one patient who had no reaction in the right foot, on 
repeated tests, we were able to get a definite though somewhat slow re- 
action after improvement following treatment. 

The overlapping of the figures into the normal zone is readily ex- 
plainable by the fact that, while thrombo-angiitis obliterans should be 
considered a generalized disease, it does not involve all areas equally 
and at the same time. 

The figures obtained by the study of the arteriosclerotic group appear 
of especial interest. For this test, we selected only patients whose 
sclerosis was advanced, as determined by study in the Vascular Clinic. 
As V ill be noted, the a^ erages are all markedly prolonged, but, in addi- 
tion, the percentage of “blanlis” shows a great increase. For example, 
ni the right foot, in normals, the original figures were 10 blanks in 40 
tests, or 25 per cent. In five instances repetition resulted in sensation. 
In the arteriosclerotic group, however, no sensation was felt in 6 out of 
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8 tests, etr 80 pi-r cent, and in no instance did repetition produce sensa- 
tion. The inerea.scHl time to tlie pcrineiun in both Ihrombo-angiitis ob- 
literans and .sclerosis i.s of intere.st and worthy of further sttidy. 

The ii,<rure.s for hyi)ca*thyroidisin are included merely to point out 
that the eirculaliou time in this condition is decreased, when measured 
i»y tins method, just as it is by other methods. Posloi)crativcly, as may 
bo noted, there is a definite prolongation of the circulation time. 


DISCUSSIOX 

No attempt ha.s been made to survey comiiletcly the literature. This 
lias recently been well done by Fisbbei’g.*- It should be strc.sscd that, 
in most of the so-called circulation time te.st.s. thus far devised, the 
'‘circulation time” is, in reality, circulation time plus reaction time. 
Thi.s is true of our test and may play an important part in the reaction 
timc.s of arteriosclerotic patients. It also rendered to.sts of this type nm 
satisfactory for study of patients who arc not mentally acute. 

The other circulation test of llilzig-'’ obviates the reaction time factor 
1ml will never ho suitable for studies except from the cubital vein to 
the lung. The ionization method* is too complicated for widespread use, 
although it should give us the most aceurato figures possible, 

A dentil has been risportcd directly following a decliolin test,^' and 
also after tlie injection of saccharin followed by cthor.-^ In addition, 
numerous severe reactions liave occurred following each of these meth- 
ods. Thus fur. in more than two hundred fifty injections, we have had 
only the mild reactions noted above, when, following autoclaving, the 
pll of our solution di-ojiped too low. Since (torreeting this factor, we 
hav<- had no reactions exci'j)! to the degree essential for the test. 

The explanation of the “blanks” or lack of reaction in certain areas 
is not clear at pro.sonl. Blriod must reach them, or tlio tissues could no 
lonirer live. It is our feeling that “blanks” on the fust tc.st have .slight 
signincancc. hut. if ]UM-sislont on repeated tests, it .seorn.s as though the 
blood travels .so slowly Ih.nt the .solution is too dilute by the lime it 
nsudics the area to ]u-oducc the .scn.sation. Where the sensation is pro- 
duced is also somewhat (lue.stionahle. It is thought to he at the nenro- 
museuliir junction hut ptndiaps occurs at the nerve endings of the skin. 

fit some in.stanccs, the .sensations “rejtcal” ihroughont the body 
v.-verii! times durintr flic ten juimitcs after the injection. Why this oe- 
ettrs \n certain ittdivitUials and not iti otliers. when the same amottnt of 
sohttion is iiijci'ted. is tlinicttll to say at present. 

W«- liiiv** h. «.n constantly improvinir onr solution during llie course of 
this study, althotieh tiu- futnlamcnia! constituents have nmiained the 
The jornudii herein pi’csentcfi 5s the most recent and the most 
sutfs’tKciory thus !ar {Modtii-cd. hul it may not prove to lie the n!timat»‘. 
V.V' arc pr'.esentirig our work in this preliminary form to stiinnlate 
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fuxtlier studies along the lines of this somewhat different approach to 
the study of the circulation time to various points throughout the 
vascular system. 

SUMMARY 

1. The chemical formula and the method of preparation of a new 
solution for the studj^ of the circulation time to various points through- 
out t]ie vascular tree are presented. We have designated it Circulation 
Time Test Formula No. 87, or C.T.T. No. 87. 

2. The teclmic of administration and of recording results is out- 
lined. 

3. Normal figures for the circulation time to the tongue and throat, 
perineum, right and left hands, and right and left feet are presented. 

4. Figures on a small series of patients with tlie Eajmaud’s sjmdrome 
show no marked deviation from normal except that the time to the feet 
is prolonged. 

5. Figures on a small series of patients with thromho-angiitis ob- 
literans show a tendency to a more prolonged circulation time than that 
of normals. 

6. Figures on a small series of patients ivith arteriosclerosis show a 
tendency to a more prolonged circulation time than that of normals. 

7. Figures on a series of patients with luTperthyi’oidism showed a 
definite decrease in the circulation time, with this method as ivitli others 
pre^’iously reported. The circulation time is prolonged after thyroid- 
ectomy. 

8. This paper represents a preliminary study and will be followed by 
a more detailed paper, covering work now in progress. 
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THUOMBOANGIITIS OBLITERANS OF THE CORONARY 
ARTERIES AND ITS RELATION TO 
ARTERIOSCLEROSIS'' 

Otto Saphir, M.D. 

Chicago, III, 

T HROMO ANGIITIS obliterans (Buerger’s disease) is recognized 
clinicaRy and anatonvieallj’- as a cliaraeteristie entity, particularly in 
its early stages. Besides the vessels of the extremities, this disease occa- 
sionally involves the abdominal branches of the aorta and the vessels at 
the base of the brain. To judge from the relevant literature, patients 
afflicted with this disease of the peripheral vessels sometimes reveal 
cardiac sjuiiptoms and, though rarely, may die imexpectedly from 
myocardial failure. Autopsy reports of such instances are rare. Almost 
invariably the gross and microscopic examination of the coronary ar- 
teries reveals arteriosclerosis with narrowing or closure of the lumen of 
the coronary arteries or a coronary thrombus. The myocardium often 
shows fibrosis or an infarct. Only very rarely are mstanees encountered 
in the literature in which the coronary lesions were interpreted as 
thromboangiitis obliterans. A critical analysis of these rare cases, how- 
ever, does not corroborate the diagnosis, either because the description 
of the relevant lesions was not clear enough and no illustrations were 
included or because the lesions of tlie coronary arteries, although scle- 
rotic in tjTie, were interpreted as having been the result of a previous 
thromboangiitis oliliterans. The reason for tliis interpretation is that 
either the patient revealed the classical picture of thromboangiitis ob- 
literans of the peripheral vessels or did not belong to the age group in 
which coronary arteriosclerosis “normally” occurs. 

The purpose of this communication is to relate an instance of out- 
spoken thromboangiitis obliterans of the coronary vessels in which the 
process in places was so recent that the histological picture was char- 
acteristic. In other portions the vessel disease was apparently much 
older and the vessel changes could easily be confused ivith those of 
arteriosclerosis. A review is also given of those cases of thromboangiitis 
obliterans vdth autopsy reports in which changes in the coronary arteries 
were encountered. The relation of such changes, usually arteriosclerotic 
in nature, to thromboangiitis obliterans is also discussed. 

HoStel” department of Pathologj^ of the Nelson Morris Institute. Michael Reese 
Aided by a grant from the Joseph G. Snydacker Fund, 
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Diii’ck® in 1931 1 ’eported a number of instances of sudden deatii among 
whicli was that of a tliirtj'-nine-year-old male witli thromlioangiitis ob- 
literans of the lower extremities. Tliere Avas also severe narrowing of 
the coronary arteries in tliis instance. 

Brofeldt"* in 1932 published a monograpli on “necrosis of the ex- 
tremities. ’ ’ He described a sixty-fiAm-year-old male who had the clinical 
sjTiiptoms of Buerger’s disease. Autopsy rcA’^ealed a dilatation and 
degeneration of tlie heart ivitli genei-alized arteriosclerosis and thrombo- 
angiitis obliterans of the abdominal aorta. In a fifty-six-year-old male 
sclerosis of the coronary vessels was fomid. 

Jager^^ in 1932 described three instances. In the first (a forty-eight- 
year-old male) the right coronaiy artery was almost, and the descending 
branch of' the left coronary artery completely, occluded by “grayish 
tissue.” Histologically the coronary arteries revealed areas of intimal 
thickening and fibrosis with a number of small sized blood vessels and 
eccentrically displaced small lumina. Between the internal elastic 
lamella and the organization tissue within the lumen there was a deposi- 
tion of hyalin which in a few regions contained a network of elastic 
lamellae. Occasionally some calcification was present. In the second 
instance (a thirty-nine-year-old male) arteriosclerotic thickenings were 
found in the coronary arteries. In the third instance (a fifty-tAvo-year- 
old male) an occlusion liy a thickened intima of the descending branch of 
the right coronary artery Avas foimd. 

Ehrstrom^ in 1933 reported three instances of thromboangiitis ob- 
literans AAuth changes in the coronary arteries. In a tAventy-four-year- 
old male the left coronary artery AAms obstructed by a thrombus. In a 
tAventy-one-j^'ear-old male autopsy reA^ealed a large myocardial infarct 
and obliteration of the coronary arteries in places. In a forty-seven- 
year-old male the left coronary artery contained an organized and 
canalized thrombus. The author stated that in Cases 1 and 3 it appeared 
quite certain that the coronary arteries had been the seat of a disease 
similar to that seen in the peripheral vessels in thromboangiitis ob- 
literans. 

De Blasi^ in 1934 described in a thirty-one-year-old male a marked 
narroAAung of the left coronary artery at a distance of 2 cm. from its 
mouth. Histologically this arteiy showed a subintimal cushion AAdiich 
occupied three-quarters of the lumen of the vessel. The endothelial 
lining appeared normal. The internal elastic lamella Avas delicate, but 
tliere Avas an interruption of its continuity in the region of the sub- 
intimal proliferation. 

Birnbaum, Prinzmetal, and Connort in 1934 described an instance of 
generalized thromboangiitis obliterans in a nineteen-year-old male. Thej* 
mentioned that branches of the coronaiy arteries shoAA*ed intimal thicken- 
ing. Neither the aorta nor its major branches were involved. 
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Averiniek and Silhert’ in 1934 ronorled llio anlopsy findings in sixteen 
eases of thromboangiitis obliterans. In ten instances coronary lesions 
were described. Coronary thrombosis was found three times. The 
yonngc.sl jtutients were forty-two years old (three). In none of these 
IG ease.s was tliromboangiitis obliterans of the coronary vessels de.scribed. 

Van Dooreir in 1934 reiiorted Buerger’s disease involving the lower 
extremities in a male thirty-eight years old. Autop.sy revealed a recent 
infarct of the heart. Tiie walls of the right and left coronary arteries 
were thickened. The descending branch of the left coronary artery was 
cordlike without a rccognixaiile lumen. The microscopic examination of 
the coronary arteries revealed an obliteration of many of the arterioles. 
In other portions the lumina were narrow, irregular and eccentrically 
placed. The thickened intima shoAvod no signs of organization. The 
intenial elastic membrane was very thin or alisent. The nerve trunks in 
some of the sections were surrounded by numerous i)olymori>honuclear 
leucocytes. The authoi' remarked that the changes in the arteries re- 
sembled those seen in arteriosclerosis and that there was no evidence of 
infiammation of the artorie.s. However, the inflammation surrounding 
the nerve trunks, in the author’s opinion, was characteristic of thrombo- 
angiitis obliterans. 

Telford and Stojiford'* in 1935 de.scribod thromboangiitis obliterans 
in a twenty-six-year-oid male (Case 2). They mentioned that tin* coro- 
nary arlories were mucli reduced in caliber by thromboangiitis obliterans. 
A description of the.se changes, iiowever, was not given. 

The literature ri-viewed shows that coronary lesions wei'e found in 30 
ease.s of thromboangiitis obliterans in which an autopsy was performed. 
An analysis of these c.a.ses reveals that in a vast ma,io)'ity the le.sions of 
the coronary arteries were arteriosclerotic, with or without coronary 
thrombosis. Pcrla’* and Telford and Bto])ford’' mentioned an instance 
of Ihvomboangiitis obliterans of the coronary arteries. In both, however, 
the de.scriptions of tin- lesions of the eoronary arteries or illn.strations of 
.sueh lesions were lacking. Neil her lObrstriim'-’ nor van Booren* de.scribed 
changes eharacteristie of t iiroiuhoangiitis obliterans in the eoronary 
art< rie.s. tliongh tlu.se anthoi\s referred to tlie oeeurrenee of this disease 
am! bi4ii-ved their ea.scs to !)<• eharacteristie. 


Table I is included to .sumiiiari'/.e the changes in the coronary arteries 
and in tlic myocardium in those instances of tliromboangiitis obliterans 
which, coniiiit. {,, ji^lopsy. showed coronary lesions. Tin; tabhi al.so gives 
'hi- n.aines of the antinii's. and the age and sc.v f»f the patients. 

Tle> changes m the coronary vessels ami the myocardium are apparent, 
it. is intfU'cst ijjif to {i(i‘,e that all paiieiUs werit males, 

hi i!Vf I'ollo-.riiig report an ontlsiie is givem of the clinieal history tuid 
Be' ji-f-rltr.en? nnfopsy tnohsig-i of an instance of thronibuangiili.s ob- 
literans invulvujg !i:c vc'.M-ls of the low«'r extr<Ttuti(-s and the coronary 
vere-'-l'--, T.ee changes in the fatter were pal liognomoiiic. 
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REPORT OF CASE 

Clinical Note. — thirty-five-year-olcl male who was known to have had the charac- 
teristic symptoms of intermittent claudication over a period of about six years de- 
veloped an upper respiratory infection from whieli he quickly recovered. As he was 
about to leave the house some time after his recover}', he suddenly collapsed and died 
instantaneously. At the time of the autopsy, no history could be obtained of pre- 
vious ailments referable to the heart. As far as could be learned from various 
physicians, who at one time or another had attended the patient, the arterial blood 
pressure had always been normal, and there were no other abnormal findings. 

Autopsy Findings . — The autopsy was confined to the lungs, heart and vessels of 
the lower extremities. The heart weighed about 350 gm. The valTOlar apparatus was 
intact. There were no mural thrombi. The myocardium was reddish gray and showed 
a number of small and large light gray dots and streaks and a few gray plaques, not 
exceeding 0.3 by 0.(i cm. in longest dimensions. These were largely in the anterior 
wall of the left ventricle but were also present in the wall of the right ventricle. 



Fig. 1. — Thromboangiitis obliterans of a coronarj- vein. Note the i-esemblance to 
granulomatous lesions, such as tuberculosis (hematoxylin eosin preparation X95). 

The heart was dilated. The coronary arteries were markedly sclerosed and tliickened 
by many hyalinized and calcified plaques which consti-icted their lumina. In various 
places there were also a number of atheromatous cavities and ulcers witliin the 
coronary arteries. The descending branch of the left coronary artery at a distance 
of about 2.5 cm. from its moutli was almost completely occluded by an intimal thick- 
ening which at one portion was covered by a reddish thrombus. The anterior and 
posterior tibial arteries also showed gross evidence of severe arteriosclerosis, their 
lumens being occluded at various places by old thrombi. 

The nature of the disease of the coronary arteries was disclosed by the histological 
examination. 

Histologic Examination . — Sections which were taken through the larger branches 
of the coronary arteries at points of narrowing showed various types of lesions. 
Some of the arteries revealed a marked intimal proliferation with much hyaliniza- 
tion and fibrosis. Other arteries showed just beneath the fibrosed intima atheromatous 
cavities containing many large histiocytic cells, the c}'toplasm of which was filled 
with minute fat globules. There were also present typical cholesterol slits in a 
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network of a necrotic njnterial. The media showed no changes of note, and the ad- 
ventitia was slightly thichened. A\*lien serial sections were cut from the regions of the 
atheroniatOHS earifiesj a few fields were encountered showing infiltration of poly- 
morphonuclear leucocytes with a few l^anphocytcs and occasional giant cells, the 
nuclei of whirli were distributed throughout the cytoplasm. These foci were found 



l‘'iFr. 2. — Tliromboanslltls oblltci'ans of ,a branch of a coronary ai'tciy- Note tlie 
rJcl» pranulatlon tissue formlnj; the thrombus and the periarteritis (van Glcson 
preparation, X95), 



J'iir. S. — .Ttirointn-inK-iltis otfUternns of a. branch of a coronary arterj". Note the plant 
C't!*’ AvUhin the thrombus (vnn Olcson preparation, XPI»). 

wiiliu's and covi-riiig the intima adjacent to the atheromatous cavities but v.i-re also 
w.‘s covering tsthcroniatous tilcer?. Other sections of the coronary arteries showed 
a snore or Icj-. i:ircu!r.,-cri!;«>d inlitna! filirosis with only a few ccdlular elenicnt.'-'. Cap’ 
piag tlitvc h’.-ion-' were a r.ut!!lj<>r of pfdymorphonuclefir leacf>cyt«c« jind scvi^ra! giant 
cel'®- TI.'C giant ccHs srerc surrosinded by hisiif>cytic cells and a rutailK’r of poly- 
tnorplionucl-rir b-:7’?c»-rte-. Much fibrin was til«o seen adjacent to the giant cell foci. 
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The adventitia in this region was considerably fibrosed and infiltrated by a few 
lymphocytes. Sections which were taken from the smaller coronary vessels also re- 
vealed severe changes. On superficial examination some of the vessels could not be 
recognized as such without the aid of an elastic stain. At the first glance the le- 
sions in question appeared to lie granulomatous in nature, surrounded by fibrous cap- 
sules. The fibrous capsules, however, proved to contain some elastic fibers, and 
further sections revealed that what had appeared to be a granuloma was a thrombus, 
completely occluding the blood vessel. Both arteries and veins were involved. The 
thrombus consisted of a number of polymorphonuclear leucocytes, lymphocytes, a few 
endothelial cells and several giant cells, many of wliich were surrounded by fibrin 
and polymorphonuclear leucocytes. Many young connective tissue cells extended from 
the walls of the vessels into the lumina. Some of the sections showed a new forma- 
tion of blood capillaries extending into the thrombus. Often the thrombotic ma- 
terial occluded the vessels, while in other vessels only a minute slitlike opening 
forming a channel for the passage of blood could be made out. The intima of these 
vessels was only slightly thickened. The media showed an infiltration of lympho- 


Rig. 4. — ^Arteriosclerosis with atheromatous cavity (hematoxylin eosin prepara- 
tion, X50). 

cytes and polymorphonuclear leucocytes. Also the adventitia was infiltrated -with a 
similar type of cell and showed varying degrees of fibrosis. In other sections the 
giant cells predominated. Because of the fact that the entire wall of the vessel in 
some of the sections was infiltrated by inflammatory cells it was difficult, at first, 
to recognize the lesion in question as a thrombosed vessel. On section some of the 
smaller vessels showed minute emboli consisting of cells similar to those which were 
found in the proximal part of the vessels. The walls of these smaller vessels ap- 
peared normal. 

Sections of myocardium showed large areas of fibrosis separating the muscle fibers 
from one another. In some of the sections only minute islets of muscle fibers were 
found completely surrounded by dense connective tissue. The latter was poor in 
nuclei. In other fields newly formed connective tissue with fibroblastic cells and 
endothelial cells was seen, the cytoplasm of these cells containing small pigment 
granules. These areas could easily be interpreted as small infarcts. 

Because of the fact that some of the lesions encountered were obviously very early 
it was thought that an extensive search for microorganisms might reveal the causative 
agents. A number of sections were stained according to the Gram-Weigert and 
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Giem.'a methods, ami varioim .'iilvor stains wore used for the demonstratiou of 
spirochetes. None of these sections, liowevcr, revealed microorganisms. 

The peripheral blood vessels showed the ohanictcristic picture of arterio.sclero.si.s 
in .“omo in.>;(ancos, and in other.s of thromboangiitis obliterans with many organized 



I'in. — Xole the thrombus wUIi piant colls ami the .'itlioroimiton.s c.avlty In the lower 
rielit of the plctuio i iion luanatoxyiin oosln preparation, X'lO). 



l-jp. a,; Fi;;. r>. Hipher m'lpnftic.atlon. XoF- the plant collH In lla- thrombus 

fSrt.n inati-xylln «‘f*,-fn pi-parati-.n. Xlt'Oj. 

.and firgrini’.’.inc’ tlrooibi. .'^osr.c of the laticr frontained jicilymorpliomiclear lencwyte.-, 
fibrin, r.r:'! nundicr of ndliary itiant •‘>■1! fuK-i. Tlu- jiTTivaseiilar spaces rcvetilc'i 
•r.ttcl "OPT!'' ;•{ ivf *, unititig artcrio,-. an<! vein'. 

— A thirty-tiv.' j.-ar old niah*, nht> for thf jiieireding six years had 
ra'-ioa'd of ib;erm‘r'' r.f>nfiv.i"] to the imver c-vf remities, died /md- 
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ilenly following a ''grip inf ection. ^ ^ The autopsy revealed severe thromboangiitis 
obliterans of the coronary vessels and vessels of the lower extremities, in addition to 
arteriosclerosis. The myocardium showed a diffuse fibrosis nitli multiple old and 
organizing infarcts. 

DISCUSSION 

Tliis case is interesting in several respects. The abruptness of the 
death without apparent premonitory sjanptoins is remarkable. Equally 
remarkable is the fact that the patient survived as long as he did in view 
of the very severe changes in the coronaiy vessels and myocardium. The 
lesions in the coronaiy vessels were characteristic of thromboangiitis 
obliterans. 

After the histological findings were evaluated, a further investigation 
of the clinical historj'- revealed a few additional facts which, retrospec- 
tively, in view of the anatomical findings, seemed significant. The 
paternal grandfather of the patient and his father’s brother died of 
coronaiy thrombosis. The patient’s father suffered from attacks of 
angina, pectoris. In response to repeated questioning after the autopsy, 
the relatives denied that the patient had ever had attacks of substernal 
pain or dyspnea, but the following facts were brought out : Whenever 
the patient was confronted with minor physical strain, he had attacks of 
profuse sweating. It was recalled that on occasions when the patient 
had to raise his arms to hang a picture, this exertion was accompanied 
by sweating and such severe fatigue that he was forced to rest. None 
of these attacks were accompanied ly dyspnea or pains of any type. In 
the light of the autopsy findings, it seems probable that these slight 
attacks of perspiration and wealoiess of the arms can be linked with the 
coronarj’ disease and the myocardial changes and may possibly be in- 
terpreted as ‘ ' abortive angina pectoris. ’ ’ As far as the anatomical find- 
ings in angina pectoris are concerned, it was concluded from a previous 
study (Saphir and coworkers^®) that angina pectoris may be linlmd with 
a labile myocardium which may fail suddenly. To the morphologist, 
as a rule, coronary sclerosis and myocardial fibrosis, or as in this in- 
stance, thromboangiitis oliliterans of the coronary arteries with resulting 
myocardial changes are the anatomical entities by means of which a diag- 
nosis of labile myocardium may be made. In other words, the severe 
myocardial changes found in this lieart could easily have been the cause 
of anginal or anginoid attacks of which the patient was scarcelj* conscious. 
The severity and extensiveness of tlie myocardial changes resulting from 
the thromboangiitis obliterans of the coronary vessels may in part also 
be explained by the relative youth of the patient and undeveloped 
collateral circulation of the coronary arteries. The final cause of death 
was a small thrombus in the descending branch of the left coronarv 
artery. 

As was stated above, eases of thromboangiitis obliterans of the coro- 
nary arteries are very rare. With the exception of two instances re- 
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ported l)r Perla^^ and by Telford and Slopfordd* 'wlio mentioned 
thromboangiitis of tlie coronary arteries but Avho neither described nor 
illustrated such lesions, they have, as far as I have been able to tind, not 
been described. Because of the fact that some of the lesions in this 
instance Avere acute and therefore, according to Buerger, specific, 
this diagnosis could easily be made on microscopic examination. The 
acute inflammation of the adventitia, media, and intima, the miliary 
lesions consisting of polymorphonuclear leucocytes, histiocytic cells and 
giant cells, the lesions which at finst glance may easily be confused Avith 
miliarj' tubercles or ginnnms, Avhieh, hoAvcver, Avcrc shoAAm to be AAUthin 
the blood a’csscIs, constituting a thrombus, Avere unmistakable. 

In addition to these lesions, hoAA'CA’er, other changes AVerc encountered 
Avhich AA'cre intex’preted as arteriosclerotic in nature. Plain intimal 
thickenings Avith reduplication of the internal elastic layer and the 
formation of atheromatous caA'ities AA’cre significant in this respect. Occa- 
sionally, hoAvcver, apparent ti'ansitions from thromboangiitis obliterans 
to arteriosclerosis Avere obsei-A'cd, thus rendering it difficult to differenti- 
ate betAveen a thromlnis arising on an athci’omatous basis and a later 
stage of thromboangiitis olfliterans, Avhen organization of the thrombus 
has taken place. Occasionally the presence of a fexv giant cells in the 
latter revealed the time nature of the disease. The (lucstion arises as to 
Avhethor the arteriosclerosis of the coronary arteries is a coincidental 
occurrence in no Avay related to thromboangiitis obliterans, AA'hether the 
coronary sclerosis is merely a dilferent .stage (end .stage) of thrombo- 
angiitis obliterans, or Avhethcr the coronary sclerosis developed as an 
entirely diircrent entity on the basis of thromboangiitis obliterans. 

Lemann’" has raised the quc.slion as to Avhether or not it is a coin- 
cidence that coronaiy occlusion should be found in four out of five 
autopsio.s on victims of thromboangiitis obliterans. Buerger'^ slated tliat 
thromboangiitis obliterans and arteriosclerosis may be associated. 
Though not likely a concurrence Avithout cause and effect relation, the 
simultaneous occurrence of these two diseases of the coronary arteries 
in older i)alients (*an never be ruled out as coincidence. 


It is obA'iou-s that in early and late stages characteristic differences 
exist between thromboangiitis obliterans and arteriosclerosis. The region 
of the organized thrombus in tln^ fonner disease is almost completely 
devoid of elastic tissue, Av]ierea.s elastic lamellae are found in arterio- 
sclerosis f F> lunger' ) . The reduplication of the internal cla.stic lamella is 
also cha.ract eristic of the latter disea-sc. However, Buerger’ mentioned 
that Aviune the lesion of thromlxoangiitis obliterans is of long duration 
f years!' secondary thickening of the intima takes place Avith correspond- 


ing prorueration of the elastic fibers that can be confused Avith artcrio- 
scU-ro-'ls. Jairrrt' also maintainr-d that in late .stages a ditTerentiation hc- 
tw. cn these two diseases is hardly possible. In this in.stnnce a number 
ill arterir-s sru.swed oecpjding or partially occluding lesions Avhicb con- 
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sisted of .old connective tissue witli or withont hyalinization; there was 
no new formation of elastic fibers. Here and there an occasional phago- 
cytic ceU with pigment granules in its cytoplasm was encountered. 
Other vessels revealed more circumscribed intimal thickenings Avith 
hyalinization, which thickenings were identical histologically Avith early 
arteriosclerotic lesions. HoAA’-ever, Avhen more sections Avere studied, 
minute vessels or blood pigment granules Avere occasionally encountered 
in the seemingly hjmlinized region. These changes, Avhich Avere found 
particularly in the smaller branches of the coronary arteries easily, may 
be interpreted as end stages of thromboangiitis obliterans. Some of the 
large branches of the coronary arteries, lioAA^ever, revealed obvious 
atheromatous cavities at the border betAveen tiie intima and media Avith 
fat-containing cells and cholesterol slits. Some of these atheromatous 
cavities had perforated, thus producing atheromatous ulcers. The intima 
close to the atheromatous cavities and, in some instances, the recent 
thrombus covering the atheromatous ulcers revealed miliary lesions AAutli 
polymorphonuclear leucocytes and giant cells, typical of thromboangiitis 
obliterans. In other Avords, the characteristics of arteriosclerosis and 
thromboangiitis obliterans Avere found in a single lesion. The age of 
the patient and the fact that in other vessels thromboangiitis obliterans 
predominated suggest the possibility that the thromboangiitis obliterans 
produced the initial changes Avhich resulted in arteriosclerosis and 
atheromatosis. It seems quite clear that in older instances, changes 
AA^ich in their earlier stages Avere specific for thromboangiitis obliterans 
became less and less characteristic, and only fibrosis and hyalinization 
remained. These lesions, hoAvever, apparently formed the basis of the 
arteriosclerosis. Occasionallj^ the causative agent of tliromboangiitis 
obliterans apparently persisted, thus explaining the giant cell foci in the 
region of the atheromatous ulcer. It is, therefore, quite possible that 
true arteriosclerosis developed secondarily on the primarily diseased 
vessel. In a previous study^^ it Avas shoAAOi that arteriosclerotic lesions 
developed secondarily on a primary syphilitic arteritis. Karsner^- stated, 
"It is conceivable that the changes (lAeriarteritis in the coronaries of 
young rheumatic fever patients) might subsequently become trans- 
formed to those of coronary sclerosis.” From this it Avould seem quite 
possible that the severe arteriosclerosis developed secondarily on the 
basis of the primary thromboangiitis obliterans. Arteriosclerosis is also 
often found in peripheral arteries AAdiich are tlie seat of thromboangiitis 
obliterans. It is also quite significant in this respect that there are 
reported in the literature a number of instances of thromboangiitis 
obliterans of the peripheral A-essels, occurring in relatively young in- 
dividuals Avith severe coronary arteriosclerosis. Naturally, maiiA' of 
these reports are purely clinical. The rcAdcAv of the literature, hoAA^ever 
reveals that coronary arteriosclerosis Avas found at autopsy in 12 out of 
30 hearts of patients avIio died before the age of forty years; one of these 
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(lied at the age o£ nineteen years; five betAveen twenty and thirty years, 
and six between thirty and forty yeai-s. The high incidence of coronary 
arteriosclerosis in tliis age group is significant and points to a distinct 
relationship between thromboangiitis obliterans and coronary arterio- 
sclerosis and probably arteriosclerosis in general. Tlie fact that sjTihi- 
litic and rheumatic h'sions and also thromboangiitis obliterans can be the 
primary lesions underlying a later developing arteriosclerosis is addi- 
tional evidence for jirimary inflammation as at least one etiological 
factor in ai’teriosclerosis. 

SUMMARY 

'I'ho literature dealing with erhanges in the coronary arteries as slmwn 
by ])os1 -mortem examinations of instances of Buerger’s disease is re- 
viewed. and thirty such cases are recorded. The lesions in the coronary 
ai'tenes Aary from simple intimal thickenings to severe arteriosclerosis 
and coronary tliromiiosis. In four instances the belief was expressed 
that the coronary lesions were cliaracteristic of thromboangiitis ob- 
litei-ans. In none of these, however, was there given a clear-cut descrip- 
tion of the coronary lesions or illustrations showing the characteristic 
lesions. An instance of suddem death is roimrtcd. The patient had 
shown clinical evidence of Buerger’s disease but no evidence of cardiac 
lesioirs. The anto])sy rcv('aled severe lhrom))oangiitis olditeraiis of the 
coronary vessels, coronary arleriosclei’osis, nmlti])le small infarcts .and 
fibrosis of the myocardium. Sections of the coronary arteries .showed, 
in addition to uncomplicated le.sions of thromboangiitis obliterans, a 
combination of thromboangiitis obliterans and arteriosclerosis. Bccaii.se 
of these findings and bocanse of the fact tiiat, according to the pertinent 
literature, coronary arteriosclerosis was found ratlua* frecjnently in 
relatively young patients afilicted with Buerger’s disease as proved by 
autopsy, tli(> fjuestion of the relation between these two dis(‘a.sos is dis- 
cussed. and the po.ssibility is considered tliat a primary inflammatory 
lesion of tlic artery may be at heist one factor in the causation of nrterio- 
sch-rosis. Syphilitic arteritis, rheumatic arteritis, aud also thrombo- 
angiitis obliterans may each constitute the primaiy inflammatory factor. 
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CARDIAC PSYCHOSES AND NEUROSES® 


Joseph C. Ya.sktx, M.D. 

Pnii<Ai)ELPinA, Pa. 

N europsychiatry is a specialized but. an inseparable ])avt of 
intonial medicine. In no branch of internal medicine arc ncuro- 
psychiatric manifest at ions so common as in the di.scase.s of the cardio- 
vascular apparatus. Neurotic and psycbotic symptoms frequently de- 
velop in the coiii’Se of, and arc causallj' i-clatcd to, organic heart disease, 
the cardiac psijchoscs. On the other hand, thci’c are a great many 
casc.s showing marked cardiac symptoms but without any ])rimary car- 
diac disease, the so-called cardiac neuroses. 

The purpose of this presentation is to discuss two types of conditions, 
cardiac psychoses and cardiac neuroses, with sijocial emjjhasis on their 
most difficult as])cet, that of treatment. 

C A KOI AC P.SVCHOSi:S 

Behavior disorders and frank psycliotic reactions arc fairly common 
in the course of organic heart disease. These vary in intensity and 
depend upon a number of different causes. 

The behavior di.sorders, commonly .seen, arc attributable to rc.slrieled 
activity, imposed by cardiac disease in adults, and especially in chil- 
dren (PoslerU- 

The frank psychodc reactions occunang in the course of heart dis- 
cim'. vary from brief periods of mild delirium to outspoken dementia. 
The type of reaction depends upon the prep.sychotic make-up of the 
individual and (;ertain exciting causes. Thus one occasionally observes, 
in individuals with definite constitutional predisi)nsition.s, mardc, de])ros- 
sivc, paranoid, and other sehizo{)hreni(; reaction types. ]Morc common 
and more characteristic, howevrr, are the orrjanic rcnclion The 

latter are eharaeterized; (a) in the intellectual sifiicrc, by marked 
fhietuation of attention, difficulty iji retention and activation of mem- 
ory, defects in orientation, illusions and hallucinations, and impairment 
of «;ompvehetwion aiid judgment; (b) in the affective sphere, by emo- 
liona! instability; and (c) in the sjihere of character, change to a type 
of conduct fort i'.rn to the individual '.s natural disjmsilion. 

The .symptmas m(>st eommonly ohserved include .stafe.s of confusion 
with disorientation, hallneinosi.s, pei-seenfory trend.s, and .slate.s of p.sy- 
chnmotor c.xcile.ment. 

The organic reaetions may oversliadow the nnde.rlying constilutiona! 
tendenejfs and bring about a complicatfHl clinical picture. It i.s to bo 

•Fr: ’/! Vi\- i irtn;. r:t < f ’'•'■•urol.iay, Crh'l'.i.'itc- S«'h''K>! r.f xa'ait-inc naU IV jrfst Uis'-at 
t f P--.'. rr.t arv. ;{• n' .'.Ii- il'-if;'*, l ,'niv<-TpUy <;f !’<■ nt!-:y!y;irii,'i, 

n.-iA •A..- iwusuio hs pjinnc.fprix Cl) ApTfi I’.";, 
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stressed, however, that the organic reactions may ocenr in previously 
^Yell-integrated average normal personalities and are usually traceable 
to the exciting causes. 

The exciting causes (Eiesman^) include; (a) toxic factors due to renal 
toxemias, acidosis, and drugs, especially digitalis. I have observed a 
number of cases due to excessive, and especially the combined, use of 
two or more of the following agents: bromides, barbiturates, amido- 
p^Tine and the opiates, (b) Disturbance of circulation resulting in 
anoxemia, incident to congestion and edema, and in small areas of soften- 
ing, which may be unaccompanied by focal brain signs, due to arterio- 
sclerosis, thrombosis, and embolism, (c) Eeflected pain from the dis- 
eased viscus, which, according to Head,^ is responsible for the occur- 
rence of transient and more or less lasting psychotic episodes (mood 
changes, suspicions, hallucinations). 

The intensity, duration and prognosis of the psychotic reaction de- 
pend upon the underlying predisposing and exciting causes. In a 
pre\dously well-integrated individual, a psjmhotic reaction even of mod- 
erate severity, when due solely to drug intoxication, 'will clear up in a 
few days to a few weeks with proper treatment. In the same tjT)e of 
individual, a psychotic reaction due to renal toxemia and cerebral vas- 
cular change may be a terminal process or may result in only temporary 
or incomplete recovery, witli frequent recurrences and chronic mental 
invalidism. In the individual with a psychopathic make-up, trifling 
exciting causes may invoke lasting psychotic episodes and the severer 
causes may induce severe psychotic reactions leading to fatal cardiac 
failure. 

The treatment of cardiac psychotic reactions includes: (1) the re- 
moval or reduction of exciting causes. In this connection it is well to 
remember the sensitivity of some individuals to the various sedatives 
and somnifacients, the cumulative effects of bromides, and, especially, 
the sensitivity of some individuals to combinations of drugs such as 
amidopyrine and phenobarbital. Disturbances of cerebral circulation 
may depend upon congestive failure, which should receive attention. 
Wlien occlusions of small vessels are suspected, potassium citrate early 
and the iodides later may prove of value in some cases. (2) Some form 
of regimen and psychotherapy which will depend upon the type and 
severity of the psychotic reaction and of the associated cardiac condition. 
In this connection it is weU to remember the danger of self-in.-jury re- 
sulting from delirium or emotional depression and the need of proper 
supeiwision and at times of actual restraint. 

CARDIAC NEUROSES 

Sub.ieetive symptoms referable to the heart are observed in one form 
or anotlier in nearly all neuroses. In some neuroses the cardiac com- 
plaint is a prominent or lasting symptom; in others it may be an aeees- 
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sory complaint or only an ephemeral occurrence. The term “cardiac 
neurosis” implies a series of complaints referable to the prccordinm or 
to cardiac rate or rhythm constituting the predominant part of the 
clinical picture of the neurosis. “Cardiac neurosis, therefore, is only 
a part of the total situation — the nourosi.s — and can hardly be under- 
stood u'itliont an imderetanding of the concepts of neuroses in general. 

Onr concept of neuroses begins with the pro])osition that every disease 
must be considered as having both a somatic and a p.sychic component. 
The two components are indivisible and should be evaluated in their 
relation to etiology and to the total situation (Weisenbnrg, Yaskin, and 
Pleasants^). Whether the disease aiases as a result of structural changes 
in the .soma, of abnormal ehemisms, or of emotional conflicts or abnormal 
psychic tensions, a change of affect of the individual (the subjective 
phase) and corresponding changes in the nenromnscnlar, antonomo- 
visccral, and secretoiy functions (ohjcelive cvidcncc.s — emotional expres- 
sion) take place. The i)rinicipal relay station for emotional components 
of the AUirions diseases would appear to ho the diencephalon (Yaskin, “ 
Fetterman"). It is re.sponsihle for tl»e correlation of psychic and .somatic 
disordoi's, has a regulating intinenee upon both of the major <livisions 
of the vegetative .sy.stom and indirectly upon most of the endocrine 
glands, upon metabolism, and heal, regulation, and receives impulses 
from, and sends them to, the old and new brain and the nenraxis. In 
primary somatic disease this center receive.s ai)no]'maI iminilses and reg- 
isleisi them in the viscera, espeeially in llie abdomen, “sounding hoard 
of emotions” (.Tamos') in the form of emotions. In disordoi's of the 
general chemism the eentor may ho affected, directly or ecntripetally 
via ilic A-cgelative nervous sy.stem. In slates of emotional conflict and 
ahnonnal tension this center may he inllnenccd from the cerebral cortex 
and then set up impulses responsible for sccondanj changes in function 
and even structure of the various viscera (Alvarez,® Mo.schcowitz,^ 
Wei.'j-s’''). Viewed from this concept, the diagno.si.s of neurosis or p.sy- 
chonenrosis requires not only the absence of any primarif somatic or 
chemical disease, hut also at all times the finding of a .satisfactory 
Iisyeliogcnic ean.se. 

The above two criteria for the diagno.sis of minor p.sycho.sos rnalce 
such a diagnosis veiy difficult. The coexistence of organic heart di.sease 
and neurotic symptoms is well known, and their etiological relationship 
is often difhcult to evalnatc. Kven with very ])ainstaking investigation, 
organic di.sease may not he correctly diagnosed and the ca.se.s managed 
as nenross-.s. The causes for .such eri-ons have been reviewed el.sewliere 
C’Wehenhnrg, Yaskin, and Plea.santsp Yaskin”). Kven more dinietill, 
hoR'cve-r, is the finding of aeloqnatc psyehogenie causes without which 
tlmrapy is often ftiiile. The chief reason for the difficulty i.s that our 
pres-:'nt p.sychop.atlsoIoL'y is dr-finife!y unsatisfactory and, when subjected 
to «ei.-<otinc criteria of proof, is not completely convincing even to the 
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most sympathetic observer with the objective method of thinking. How- 
ever, there is general agreement that for therapeutic purposes the diag- 
nosis of psychoneuroses and neuroses implies the absence of any primary 
structural or chemical disease; the existence, in the majority of eases, 
of a certain constitutional make-up (the predisposing causes), the oc- 
currence of precipitating or exciting causes, and the formation of symp- 
toms which may be in the psychic or in the physiological sphere or in 
both. The constitutional factors may be inherited or acquired, fre- 
quently as an integral part of the psychosexual development of the in- 
dividual. The term ''psychopathic personality" is intended to describe 
in this presentation a type of make-up, characterized by either marked 
swings of mood or seclusiveness, misinterpretiveness, and other schizoid 
trends. In the "neurotic personalit}’-" the neurosis is "built into the 
character" and is characterized by manifestations intermediate between 
normal character traits and neurotic symptoms (Jones’^®). Symptom 
formation results from the action of some exciting cause which may be 
an injury, infection, a chemical disturbance, or some emotional stress. 
The symptoms may continue long after the exciting cause ceases to 
operate, and thus represent release phenomena of the neurotic traits of 
the previously apparently well-integrated personality. These symptoms 
include either frank anxiety states or symptoms tending to avoid anxiety 
such as conversion, compulsive-olisessive and neurasthenic syndromes, 
etc. (Yaskiu’). These symptoms may vary in severity from a slight 
headache, increased fatigability and irritability, to devastating visceral 
disturbances, intractable insomnia with marked agitation, and alarming 
loss of weight. The clinical manifestations frequently overshadow com- 
pletely the primary constitutional factors or the immediate precipitating 
mechanisms. 

Anxiety is the central symptom of nearly all the neuroses and psycho- 
neuroses and is of fundamental importance in the management of 
cardiac neuroses. Anxiety may be defined as a form of affeetivity rec- 
ognized introspeetively as an unpleasant affect, accompanied by a fear, 
without any, or vdthout an adequate cause, and manifested objectively 
by abnormal changes in the neuromuscular, autonomovisceral, and secre- 
tory functions (emotional expressions). That the heart should respond 
to states of fear is not surprising when it is borne in mind that, like 
the gastrointestinal tract, this organ has a rich sympathetic and para- 
sympathetic innervation and that the vegetative system is under the 
control of the central neiwous system. In addition. Cannon^® has sho^vn 
that, under the influence of emotions, there is an alteratioji in the 
epinephrine content which is inuTieularly ])rone to influence the accelera- 
tors of the heart. 

The cardiac symptoms differ in the various types of neuroses and 
are best discussed under several headings as revealed in a recent study 
of 100 cases (Yasldn^^). 
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Tabic I indicates family and personality; Table II, the precipitating 
catises; Table III, the modes of treatment employed: and Tabic IV the 
end-resultvS. 

T.\Tthi: I 


Family History akd Pkuson'ality ik This Seuies or 100 Cases 


F-AMIIA' HISTOr.Y 

NO. or CASES 

rLT.SO.V.VUTY 

NO. or CASE-S 

Neuropatliic 

44 

Neurotic 

7;*) 

Psychopathic 

16 

Psychopatluc 

o 

Negative 

40 

Average normal 

no 

Total 

100 

Total 

mo 


Table II 


The ParxiPiTATiNG Cacses ix This .Sitjes or 100 Cases 


i 

j 

i 

1 

.\XXIETV 

sr.r- 

nosiH 

CONVEII- 

.SIOX 

IIYS- 

TEEIA 

AXXiirrY 

JIYS- 

TEIILV 

CO.Ml’UL- 

SIVE- 

on- 

SESSIVE 

I’.E- 

AfTIONS 

ocfui:- 

UE-S-f'E 

IN 

NC.M- 
BEit or 

CASItS 

Finuiieial revcr?e,< and economic insecurity 

*> 

;> 

6 

2 i 

15 

lUness and death in immediate family and 
of clo.^c friends 

*> 

o 

I-J 

' 

1 ’ 

1 

1 _■ 

17 

Marital infelicity, including intidolity 


5 

j m 

1 ! 17 

Otiier dissensions in family 


H 

1 

1 

! 1 

•> 

\ 

Fear of criminal punishment and scndal os- 
tracism to self or to members of funi- 
ily 



■1 

1 

1 

1 

! 

1 

\ 

yurgical menopause and otlicr endocrine 
(li.sturbanccs 


1 


1 1 

4 

‘ • Old maidedness ' ■’ 

i 


i) 


u 

Abnormal attachment to certain members 
of family 

1 

; i 

j 

1 ! 

i 1 

5 

t 

5 

10 ' 

Coitus interruptus and other un.«atisfac- 
tory methods of contraception 

4 

: j 

i ? 

1 

Fears related to masturbation } A 



j 2 

I'ears of marriage and jiregnancy I j 


; d j 

1 5 

FriEiiiity j 


^ 1 

3 '■ ii 

Impotemre j 


■> ! 

»> 

1 •* . 

Incest witii sisters j 


( 2 * 2 

il oino-^.wiiiU trrnfJH 1 ] ‘ 1 

0 1 I! i 

10 

5 

Anal eroticism j ! i 

i r, ; 


(Irdinarv stniin of life anfi no i i £• ! ! 0 

tory rjuiM-- ; i i ! ' 


I'AROIAC SV.METOMS IN THE VARIOUS TVI’I-S OK NKI ROSES ANU 

I •S YCHONiCUKOSES 

Anxifiir .Ve Bros is. — Under tins iieading are included those neuroses 
diaracterir.eil by cpisadic oceurrence of anxiety, aeeoiripaiiied iiy definite 
somatic symptoms, and l»y complete or nearly complete freedom from 
all symptoms iK-tv/cen atfaeks. ftf all somatic itmnifesiations, palpita- 
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tion is the most common. Its oceniTence is accompanied by anxiety, 
trembling, and general iveakness and is frequently accompanied or fol- 
lowed by perspiration. There were 9 eases of anxiehY neurosis in the 
above mentioned series of 100 cases. In each of these cases palpitation 
with anxiety was the outstanding symptom complex. The personality 
make-up in anxiety neurosis is not of particularly great significance. 


Table III 

Modes of Treatment in This >Series op 100 Cases 



anxiety 

neurosis 

CONVERSION 

HYSTERIA 

ANXIETY 

HYSTERIA 

COMPULSIVE- 

OBSESSIVE 

REACTIONS 

TOTAL 
NUMBER 
OF CASES 

Encouragement 

4 

4 

30 

2 

40 

Suggestion 

4 

9 

48 

5 

66 

Eationalization and persua- 
sion 

3 

2 

10 

2 

17 

Attempts at compromise 
formation 


3 

25 

2 

30 

Education and reeducation 



12 

2 

14 

Partial analysis 


4 

15 

11 

30 

Partial analysis mth amytal 
narcosis 

1 



2 

2 

Eegimen at home, at work, 
and change of environ- 
ment other than hospital- 
ization 


2 

11 


13 

Hospitalization 



11 


11 

Occupational therapy 



7 


7 

Physiotherapy 



6 


6 

Sedative and tonic medica- 
tion 

5 

3 

43 

0 

57 

Appropriate contraception 

(3 




i 6 


Table R' 


End-Eesults in This Series of 100 Cases 



! 

ANXIETY 

NEUROSIS 

CONVERSION 

HYSTERIA 

ANXIETY 

HYSTERIA 

COMPULSIVE- 

OBSESSIVE 

REACTIONS 

TOTAL 

NUMBER 

OF CASES 

Eecovery 

9 

9 

21 

2 

41 

Improvement 


O 

O 

30 

s 

41 

No improvement 



6 

n 

O 

9 

Developed psychoses 



6 


6 

Eecurrence 

1 

2 

18 

3 

24 


The precipitating causes are to be found in the immediate present or 
in the recent past and, as observed in this series, were not particularly 
complicated. The treatment in tins group of eases is relatively simple 
if the causes can be removed. Inasmuch, as most of the latter are to 
be found in the irregularities of the sexual act, the treatment consists 
laigely in the removal of the cause, in suggestion, encouragement, and 
otlier superficial modes of psj^cliotlierapy, and in sedative medication. 
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The results in the majority of eases of anxiety neurosis are favorable 
and aU cases in this series recovered, there being only one recurrence. 

Conversion Bysteria . — ^Under this term are designated forms of 
psychoneuroses characterized by the presence of motor, sensory, visceral, 
and episodic phenomena (conversion symptoms) accompanied by little 
or no anxiety, not due to any physical or biochemical abnormality, and 
traceable to some definite ps 3 mhogenic cause. Cardiac complaints are 
not prominent symptoms in convei-sion hj'stei-ia and consist of a com- 
plaint of vague precordial pains or of a statement by the patient that 
he has “heart disease” but unaccompanied hy arry overt anxiety. In 
12 patients in this series, 2 complained of heart weakness, 1 of pre- 
cordial pain, and 2 of “cardiac disease.” As revealed in the four tables, 
in conversion hysteria the family historj- and the personality of tire 
patient play a considerable role. The precipitating causes in tliis group 
of eases are usuallj’- not difficult to find, and in this series were related 
chieflj" to marital difficulties, death in the family, or to a feeling of 
economic insecurity. Suggestion in some form is probably the first 
method of treatment to be employed in these eases. Attempts at com- 
promise formation in marital and economic difficulties also require and 
deseiwe considerable attention. The end-result in these cases is usually 
good providing the cause can be removed or the patient is made to 
make some compromise. In this series 9 patients recovered, 3 improved, 
and only 2 had recurrences. 

Anxiety Hysteria . — ^Under this term are designated conditions show- 
ing a variety of somatic complaints not due to primary organic or 
biochemical disturbances, accompanied bj’^ diffuse anxiety or by phobic 
phenomena, and traceable to psychogenic, often unconscious, causes. In 
anxiety hysteria cardiac complaints are fairly^ constant and often severe. 
The anxiety hysteria group comprised 63 per cent of the series of 100 
eases analyzed. In these 63 cases changeability of pulse rate and fre- 
quent attacks of tachj’cardia were observed in 43 cases, actual dyspnea 
in 13, precordial discomfort in 24, dizziness and especialty fear of 
cardiac death in 18, transient elevation in blood pressure in 17, and 
fear of being left alone or going out unaccompanied in 13 cases. Three 
of these patients had previously" been subjected to subtotal thyroidec- 
tomy without any improvement of symptoms. 

In this group of cases the family histories indicate a large proportion 
of neuropathic and psychopathic ancestry. The personality histories in- 
dicate a large neuropathic element. The predisposing causes in this 
group of cases are usually deep-seated, while the precipitating factors 
are numerous and varied. Even without a deep analysis and only by’- 
the review of the precipitating factors, it may be observed that these 
patients have a great deal of distortion in their psy"chosexual develop- 
ment and attitude. As is well known, the clinical course of these cases 
is extremely troublesome to the patient, the family, and to the physician. 
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In addition to numerous somatic complaints, the presence of diffuse 
anxiety, and numerous phobic phenomena make the management of 
tliese cases trying and require a great deal of ingenuity on the part 
of the physician and his aides. Eleven of this series required hospital- 
ization because it was impossible to manage them at home. In another 
11 eases a great deal of attention had to be paid to the regimen and the 
daily activities of the patients, which were outlined for them. Encour- 
agement, suggestion, and hospitalization were used in a good many of 
the eases but these in themselves have limited value. An element which 
is of some importance in the treatment of these patients is an attempt 
at compromise formation. Especially is this true in cases of marital 
difficulties where the illness of the patient is probably the most impor- 
tant element in the marital infelicity. Sedative and tonic medication 
were indispensable in most of these cases. Perhaps the single most im- 
portant therapeutic agent is the partial analysis, but, because of the 
elements of time consumption and expense and because of the resistance 
of a good many patients, this is not always practical. My impression 
is that, of all the eases, those in wliom partial analyses were performed 
were most benefited. At the same time attention is directed to the 
fact that, even in those 15 cases where partial analysis was employed, 
other forms of treatment, especially sedative and tonic medication, were 
used. 

In this series of 63 cases, 21 recovered, 30 improved, and 6 showed 
no improvement. Eighteen of the series had recurrences. Thirteen of 
the 21 recovered patients received a partial analysis. It is of interest 
to note that among the recurrences not one had received partial analysis. 
Six patients developed psychoses, wliich should make tlie diagnosis of 
anxiety hysteria guarded. Five of these six cases developed an agitated 
depression while one turned out to be definitely schizophrenic. 

Compulsive-Obsessive Reactions (Psychasthenia of Janet). — ^Under 
this term are designated conditions characterized by the existence of 
irrepressible thoughts and irresistible impulses designed to avoid anx- 
iety, by the patient’s recognition of the absurdity of these thoughts and 
impulses, and by the appearance of anxiety when the patient attempts 
to ''disobey” the thoughts and impulses. Palpitation and a feeling of 
impending death is the penalty in these patients when they attempt to 
disobey the irrepressible thought or impulse. There were 13 cases in 
the analyzed series. In this group the family history is not predomi- 
nantly significant. The personality history, on the other hand, shows 
a verj^ definite neuropathic trend. This becomes more evident when 
even a partial analysis is attempted. By this method neurotic traits are 
found to have existed since childhood, but were thoroughly integi’ated 
in the personality make-up, and did not produce disabling symptoms 
until somewhat later in life. The precipitating causes can be ascertained 
only by a partial analysis and then are to be found largely in the 
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psj'chosexiial sphere. It is in this form of psychoneurosis that treat- 
ment other than a partial analysis is of little value. These patients do 
have, however, periods of anxiety, when the ordinary forms of treat- 
ment including encouragement, suggestion, and sedative medication are 
of definite value. For the majority, however, some attempt must be 
made to make them relive their early experiences. This is a long-draAvn- 
out affair because of the inherent resistance of these patients to the 
necessary investigation and because of their critical attitude toward any 
form of treatment. Of the 13 eases in this series all received a partial 
analysis, two with the aid of amytal narcosis (Ya.sldn^®). 

Neurasthenia . — By this term is understood a relatively rare disease 
beginning in early life, lasting with intermissions throughout life, and 
characterized by abnormal mental and physical fatigability and irri- 
tability, various somatic complaints, mental depression, and insomnia. 
Neurasthenia as a primary disease is to be distinguished from the 
neurasthenic symptom-complex which is of common occurrence in many 
and varied somatic, endocrine, and metabolic diseases as well as in the 
psychoses, neuroses, and psychoneuroses. In this series there were only 
3 cases, all with a neuropathic family history, and all showing temporary 
improvement with suita])le rest regimens and living within the bounds 
of their physical and mental capacities. In the 3 patients analyzed, 
palpitation, precordial discomfort, and “heart consciousness” were 
found. The analysis of tlie cases of neurasthenia is omitted from the 
tables. 

GENERAL COJIMENT ON THE CARDL\C NEUROSE.S 

It is evident that cardiac complaints ai’C nearly univei’sal in all forms 
of neuroses and constitute tlie iiredominant and lasting symptoms in 
some. The character, severity, and duration of cardiac sjnnptoms de- 
pend upon the type of neurosis of Avliich the cardiac symptom is only 
a constituent part. The type of tlie neurosis depends upon the various 
etiological factors which are responsible for the mechanism of sjTnptom 
foiTnation. In the final analysis tlie diagnosis and successful treat- 
ment of cardiac neurosis depend upon our ability to determine the 
etiological factors. This is not always easy. 

The family history and 'personality (as indicated in Table I) are of 
some interest. The high incidence of neuropathic inheritance is in keep- 
ing -ndtli the civilian types of psychoneuroses. The incidence of the 
neurotic t;^T)es of personality in this series is higher than is generally 
supposed to be the ease in the psyclioiieuroses. An important reason 
for this probably is the fact that 32 of the 100 cases received a partial 
analysis thus making it possible to disclose the existence of neurotic 
ti’aits prior to the development of the clinical manifestations. 

The precipitating causes, as shoivn in Table II, ai’e of definite im- 
portance. In keeping with the general knowledge on this subject, there 
are no specific etiological factoi’s. The causative factors embrace a wide 
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range of economic, social, marital, and psjmliosexual comi3onents. In 
anxicl^y neurosis and conversion hysteria the causes are relatively super- 
ficial, while in anxiety hysteria and compulsive-obsessive reactions they 
are more profound and are more intimatelj’^ associated with the psycho- 
sexual life. The latter observation is, however, definitely influenced 
by the fact that 15 of tlie 63 patients with anxiety hysteria and aU of 
the 13 patients with compulsive-obsessive reactions received partial 
analysis while only 4 of all the remaining patients in the series of 100 
were partially analyzed. 

In the majority of cases in tliis series there is more than one pre- 
cipitating cause, and it is probablj- true tliat the clinical manifestations 
result from the cumulative action of various factors. It is frequently 
impossible to cvalulc the import aiiec of several existing causes. This 
is true even when a careful personality study is combined vdth an ac- 
curate chronological determination of the development of the various 
precipitating factors. 

At times it is difficult to state whether the “precipitating cause” is 
reallj* a cause or only an evidence of disease. This is particularly true 
of marital infelicities which are. not infrequently detennined by the 
subtle neurotic attitudes of the patient. If this be so, it is of con- 
siderable therapeutic importance, e.specially as it points to the necessity 
of attempting compromise formations. In a large proportion of the 
17 cases of marital infelicity in this series, the neuroticism of the 
patient was the determining cause of the marital discord. 

It would appear from this review that, eontrary to psychoanalytical 
trends, ego and herd instinct motivations, as observed in economic in- 
secui’ity, fears of criminal punishment and of social ostracism, “old 
maidedness,” and similar related factors play an important role as 
precipitating causes in the psychoneuroscs. On the other hand, there 
is a large proportion of patients in whom the disturbance of the love 
life undoubtedly acted as a detennining cause. The shades of the 
disturbance varied from infidelity of a spouse to sister incest. It is 
particularly significant that frigidity was encountered in 11 eases and 
homosexual trends in 10 cases, and tliese occurred almost exclusive!}" 
among the cases found in the anxiety hysteria and compulsive-obsessive 
reaction groups. 

The viodes of ircoiment employed, as sho^vn in Table III, pennit of 
no definite conclusion although there are many interesting factors. The 
methods employed are clinical applications and are not to be regarded 
necessarily as scientifically controlled procedures. They are therefore 
not entitled to scientific credit nor to scientific criticism. As empiric 
measures, their value should be judged entirely by their therapeutic 
success or by their failure. ■ ' , 

A mere glance at Table III discloses that a great many methods were 
used in the same patient, and one unpieasahtly ' associates this vith the 



546 


THE AIiIERICAN HEART JOURNAL 


old "polyinorpliotis i^liarmacy. ” Like the latter, however, these methods 
have, for the present, some definite though empiric value. 

Irrespective of the fundamental psychopathology, the relief of symp- 
toms is always of importance. Some methods, such as encouragement 
and suggestion, are, like the stomachics and hematinics of old, of dis- 
tinct benefit in the majority of eases. Encoui’agement was employed in 
40 and suggestion in 66 of the 100 cases. These methods are intended 
for the removal or correction of S 3 ’'mptoms and are particular!}^ valuable 
in conversion hysteria and in most cases of anxiety hysteria. They 
are of limited value in some cases of anxiety hysteria and only rarely 
of real benefit in compulsive-obsessive reactions. Of the other methods 
intended for the amelioration of symptoms, regimen and liospitalization 
were used in 24 cases, most of •which were anxiety hysterias. In some 
cases these methods were indispensable and, in tlie majority of others, 
of definite benefit. Along with these procedures, occupational and 
physical therapy proved useful. Somnifacients and sedatives were 
employed ■without hesitancy w'hen anxiety w^as a prominent or acute 
symptom in any of the cases of this series. In the ill-nourished patients, 
tonics were used freely. 

The remaining methods wliich were employed attempt to influence 
the underlying causes and psychopathological processes. Mention should 

i 

be made that most of these methods are tinted with elements of sugges- 
tion and encouragement, a fact which need not detract from their thera- 
peutic value. 

Appropriate contraception is frequently a relatively simple and bene- 
ficial procedure, especially in anxiety neurosis. 

Rationalization and persuasion, education and reeducation, all of 
wliich attempt to utilize the intellectual approach, are probably of 
limited value as obsen^ed in most cases in which they w^ere used. They 
w'ere employed chiefly in anxiety hysteria and perhaps were useful in 
preparing the patient for a partial analysis. Rationalization and per- 
suasion are of some benefit in anxiety neurosis resulting from the fear 
of the consequences of masturbation. 

An attempt at compromise formation is of definite benefit in suitable 
cases. In this procedure, the patient is carefully guided to evaluate 
the various situations wRich may have a bearing on his illness. By 
comparing different possible solutions in regard to their possible con- 
sequences, the patient makes a choice in accordance with the changed 
emotional attitude. This process is tedious but is nf considerable benefit 
to the patient. Attempts at compromise formation have proved of 
definite value in some cases of marital infelicity, in situations associated 
with a feeling of economic insecurity, '‘old maidednes.s,” fear of ostra- 
cism, and in related conditions. The great majority of cases treated by 
this method were anxiety hysteria. 



YASKIN: CAKDIAC PSYCHOSES AND NEUROSES 


5 ^ 1:7 


Partial analysis is, in the author’s experience, the best psychothera 
peutic approach to the iuiderl3dng ps3’'ehopathology and etiological fac- 
tors. B3' tliis method a limited exploration of the unconscious is at- 
tempted, first, through formal interviews, then, after some explanation 
to the patient of what is sought, b3’ a modified free association technic. 
This method is not to be confused with a full iDS3'Choanalysis. It is not 
a complete investigation of the luiconseious but, surprisingl3", it is often 
deep enough to touch upon fundamental processes and achieve consider- 
able benefit. It has the great advantage over complete anal3"sis of not 
being so time consuming. It proved of definite benefit in most of the 
cases of conversion h3'steria, anxiet3' h3’steria, and compulsive-obsessive 
reactions in which it was used. In the last named group it is the onl3’’ 
method (except complete psychoanal3’'sis) that is worth attempting. In 
two cases each treatment was preceded by a light sodium am3dal narcosis. 

The end-results, as shown in Table IV, compare rather favorably 
with end-results of treatment in man5^ other branches of medicine. The 
present review does not permit 0113- formulation as to what determines 
these end-results. In general, it ma3’- be stated, however, that the out- 
come of the treatment is definitel3’- infiueneed b3" the t3’^pe of the neurosis 
and the modes of treatment. 

Most recoveries were attained in the anxiety neuroses in which the 
causes could be effectivel3^ infiueneed, and least in the compulsive- 
obsessive reactions wliich are accompanied by deep, resistive ps3’^cho- 
sexual distortion. It is generally agreed that the latter are not uni- 
formly cured even by prolonged ps3’'choanalyses. The recoveries in 
conversion hysteria, treated chiefly b3’' suggestion and encouragement, 
were good. The recoveries in anxiety hysteria were better than was 
anticipated, and the majority of the recoveries in this group were 
attained by partial analysis and attempts at compromise formation. 

Improvement was observed chiefly in anxiet3^ listeria and in com- 
pulsive-obsessive reactions. In the former group the results were due 
to a combination of several methods among which regimen and hos- 
pitalization played a large, though not an exclusive, role. In the latter 
group the improvement was due solely to partial ana^^sis. 

The failure of improvement in 9 cases, 6 anxiety hysteria and 3 
compulsive-obsessive states, is to be ascribed to the severity of the clinical 
condition, the failure of cooperation or actual resistance on the part of 
the patient, and probably, what is most important, to a lack of thera- 
peutic acumen on the part of the physician. 

Six patients developed psychoses. This probably was not due to 
faulty therap3’-, but to poor diagnostic judgement. 

Recurrence was observed in 24 cases, 18 of which were anxiety h3"s- 
teria. The recurrences were traceable in the majority of eases to the 
incidence of new or reactivated precipitating causes, and, in many in- 
stances, to inadequate treatment of the preceding attack. 
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SUJIMARY AND CONCLUSIONS 

Psychotic reactions in the course of organic heart disease vary from 
mild behavior disturbances to severe reactions. The type and severity 
of the reaction depend upon the prepsyehotic personality, upon renal 
toxemia, acidosis, drugs, cerebral anoxemia associated with congestion, 
edema and small softenings, and in some eases upon enforced inactivity 
and reflected pain. 

The term “cardiac neiu-osis” implies a series of complaints referable 
to the precordium or to cardiac rate and rhythm. These complaints 
are only a conspicuous part of the total neurosis. Anxiety is the central 
problem of all neuroses and psychoneuroses. The etiology and symp- 
tomatology' of the cardiac neuroses vary with the several types of 
neuroses and psyehoneuroses. 

One hundred cases comprising anxiety neuroses, conversion hysteria, 
anxiety hysteria, compulsive-obsessive reactions, and neurasthenia were 
re-\flewed from the standpoint of cardiac symptoms, family history, 
personality, precipitating causes, modes of treatment, and end-results. 

This study is an attempt to emphasize that cardiac neuroses should 
be managed as neuroses and psyehoneuroses. As such they require 
comprehensive neuropsyehiatric studies and utilization of various thera- 
peutic approaches. 
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THE TREATMENT AND THE BIMEDIATB PROGNOSIS OP 
CORONARY ARTERY THROMBOSIS (267 ATTACKS) 

A. M. Master, M.D., H. L. J.vpfe, M.D, and S. Dack, M.D. 

New York, N. Y. 

I N THIS country and abroad the mortality rate of coronary artery 
thrombosis is quoted generally as ranging from 35 to 65 per cent 
•v\dth an average of 50 per centd'® Dublin^® has stated, “No other 
disease in the entire field of medicine vnth the possible exception of 
cancer offers so large an opportunity for life-saMng service.’’ Our 
experience leads us to believe that the mortality may be lessened by 
certain simple logical procedures and by the use of a low calorie diet. 

Coronary artery thrombosis usually presents a characteristic picture. 
Occasionally, however, the differentiation from other conditions, par- 
ticularly angina pectoris, is difficult. If the diagnosis is doubtful the 
patient should be treated as though he had suffered a coronary artery 
occlusion. He should be put to bed and a search patiently made for 
a drop in blood pressure, a eliange in heart sounds, alterations in the 
electrocardiogram, etc. These signs may not appear for a few days or 
longer, but -within two to four days one can usually make certain 
whether a real closure of a coronary artery has occurred. 

The data we are anah^zing were collected from both private and ward 
patients. The number of attacks observed was 267, of which 122 occurred 
in 103 private patients (A.M.M.) and 145 in 140 hospital patients. No 
case was included unless the diagnosis of acute coronaiy artery occlusion 
was certain. 

TREATAIENT 


It should be understood that the procedures described are for the 
period of the acute coronary artery thrombosis. When this diagnosis 
was made or suspected, the patient was put to bed immediatety. Ab- 
solute quiet and rest were enjoined. In private practice day and night 
nurses were employed whenever possible, but hospital patients had floor 
nursing care only; this included being fed whenever possible. There 
was no hesitancy in administering as much as % grain of morphine 
within twelve hours if pain was very severe. Practically every clinician 
who has studied coronary thrombosis has advocated the use of this drug. 
We think morphine is of help not only because it relieves pain but also 
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because, as David“ lias indicated, it lightens the work of the heart bj’- 
slowing the heart rate and lowering the basal metabolism. Morphine 
diminishes respiratory effort and tends to prevent nocturnal dyspnea 
and cardiac asthma as Eppinger and his coworkers, Fraser,^" and 
Harrison^^ have sho'wn. 

Diet . — ^Diet was an important part of the treatment. Very little food 
was given during the first few days, especially to the very sick patients. 
The fluids were limited to 1,000 to 1,200 c.c. unless the patient was 
perspiring profusely. "When nausea or vomiting was present, food was 
withheld and small quantities of cracked ice and charged water were 
given. As the patient improved, the diet was slowly increased so that 
in from five to seven days he was receiving 750 to 850 calories. The 
diet was well balanced, containing approximately 100 gm. carbohydrate, 
50 gm. protein, 20 gm. fat with adequate vitamins and calcium. 


800 Calorie Diet 


Breakfast 

Sample Menu 

100 gm. 12 per cent fruit 


medium orange 

10 gm. cereal 

2 

tablespoons cooked cereal 

200 c.c. skimmed milk 

1 

cup 

1 egg 

1 

egg 

15 gm. bread 

i 

slice 

Dinner 

GO gm. meat 

2 

ounces meat 

100 gm. 3 per cent vegetable 


cup spinach 

100 gm. 12 per cent fruit 

3 

pliuns 

15 gm. bread 

1 

slice 

200 c.c. skimmed milk 

1 

cup 

Supper 

1 egg 

1 

egg 

100 gm. 3 per cent vegetable 

4 

cup canned string bean.s 

100 gm. 12 per cent fruit 

1 

medium peach 

15 gm. bread 

i 

slice 

200 c.c. skimmed milk 

i 

cup 


The 800 calorie diet was maintained for at least three to six weeks 
and frequently for much longer periods. Obviously, adherence to the 
diet prescribed was neeessarj’^ if any conclusions were to be dravm as 
to the value of this form of therapy. A patient presumably on an 
800 calorie diet might actually be ingesting several hundred calories 
more because of a kind attendant or relative. Our procedure was ex- 
plained to the patient and his family; indeed the cooperation of the 
latter was essential. An endeavor was made to accord each patient 
individual attention and to satisfy his tastes whenever possible. In 
only a minority of cases did the patient complain of hunger; this could 
usually be allayed by arranging for a small evening portion or by the 
addition of noncaloric candy, etc. Increasing the bulk of the food witii 
vegetables sometimes suffieed. Although only very exceptionally did 
we find it nceessarj’^ to increase the calorie intake in our case.s, we w^ere 
ready to do it if it was indicated in a particular case. 
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Drugs. — Digitalis, nitroglycerin, amyl nitrite, adrenalin and ephedrine 
were considered contraindicated. Fenn and Gilbert® believed that digi- 
talis increased precordial pain. Experimentally it has been shomi to 
be harmful, for Bellet, JohDsto2i, and SeheeteF“ found that dogs in 
which myocardial infarction had been produced were more susceptible 
to fatal digitalis poisoning. 

In regard to nitrogljmerin, Hadfield^’ found that by lowering diastolic 
blood pressure in dogs he could increase the size of the experimental 
infarct. Hence he, as well as Hubble^® and also Liiten,^° concluded that 
nitroglycerin was dangerous in coronary occlusion, Prodger and 
A;^Tnan“‘’ and Sprague and White^^ have cited clinical instances in 
which coronary tlirombosis was precipitated or its course influenced 
fatallj’- by nitroglycerin. Grollman^^ has proved that nitroglycerin 
increases the work of the heart. Riesman-^ on clinical grounds con- 
sidered both digitalis and nitroglycerin dangerous. 

Concerning the contraindication to the use of adrenalm, it is hardly 
necessary to enter into detail. Levine, Emstone, and JacobsoiP^ showed 
that adrenalin produced pain in patients with an anginal syndrome, 
and Cottrell and Wood-^ pointed out that it could cause other serious 
symptoms. Grollman-^ indicated that it, too, increased the work of the 
heart. 

With congestive failure the usual measures were employed, that is, 
limitation of fluid and salt. We did not give digitalis but resorted to 
injections of mercupurin when necessary. 

Cardiac arrhythmias exclusive of multiple premature beats occurred 
in twenty cases. These were nodal rhythm, paroxysmal tachycardia, 
auricular fibrillation, auricular flutter, partial and even complete heart- 
block. Except in one case of auricular fibrillation these severe irregu- 
larities disappeared spontaneously without any specific treatment. 

No cathartics or enemas were given during the first three to five days. 
On the low diet described, there was rarely distention in spite of lack 
of bowel movement. 

Oxygen therapy was utilized in thirty-five attacks occurring on the 
ward. In this group there were twenty-three deaths. This method of 
treatment was employed only in cases with cardiac failure or pulmonary 
complications, particularly in cases with severe dyspnea and cyanosis. 
It often relieves pain, dyspnea, and cyanosis. Occasionally, however, a 
patient was quite uncomfortable in the oxygen tent in spite of proper 
air conditioning and oxygen supply. 

Prolonged. Stay in Bed . — The patient was kept in bed from four to ten 
weeks, the average time being five and one-half weeks. He was then 
permitted gradually to get out of bed into a chair and usually by the 
seventh or eighth week he was able to walk. By lowering the energy 
required of the body, bed rest diminishes the, work of the heart. Numer- 
ous -syriters have expressed the opinion that a stay of four to six weeks 
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in bed is essential. Bedford^® and also Levine- have emphasized that 
only after the first three to six TveelvS does repair of the injured heart 
muscle set in. We believe that it is equally important for the patient’s 
future health. The patient who leaves his bed too early is more 
likely to develop congestive failure or to have a recurrence of a coronary 
thrombosis. Cooksey® showed tliat patients who were penuitted out of 
bed too soon did not fare as well as those who remained in bed for at 
least six weeks. Sutton and Davis-' have shovm experimentally in dogs 
that the longer the rest folloAving infarction, the firmer the scar whicli 
results. In the dogs allowed to exercise early, aneurj-smal dilatation 
through a thin scar resulted. 


RESULTS 

In the 267 attacks studied by us the mortality rate in the first attack 
was 8 per cent (Table I). For all the attacks, it was 16.5 per cent. 
All deaths were included from the time of admission to discharge or. 

Table I 


MoRT.t\LiTT Rate op Each Attack op Coroxart Artery Thrombosis 



HOSPITAL 

PRWATE 

MALE 

PEilALE 

TOTAL 

1st attack 

78 

74 

112 

40 

152 

Deaths 

8 

4 

9 

3 

12 

Mortality 

10% 

0.4% 

8% 

8% 

8% 

2nd attack 

48 

37 

67 

IS 

85 

Deaths 

14 

0 

16 

3 

19 

Mortality 

29% 

13.5% 

24% 

16.5% 

22% 

3rd attack 

IS 

8 

22 

4 

26 

Deaths 

8 

4 

9 

3 

12 

Mortality 

44% 

50% 

41% 


46% 

4th attack 

2 

2 

2 

2 

4 

Deaths 

Mortality 

0 

1 

0 

1 

1 

All attacks 

145 

122 

203 

64 

267 

Deaths 

30 

14 

34 

10 

44 

Mortality 

20.7% 

11% 

16.7% 

15.6% 

16.5%* 

'Excluding deaths occurring 

in the first 24 

hours, the 

mortality was 

11 per cent. 


in the patients seen in private practice, up to the time of being permitted 
out of doors. If deaths occurring within twenty-four hours are excluded, 
the mortality rate was 11.5 per cent. Probably as a result of more 
prompt and meticulous medical and nursing care, the private patients 
fared better than those treated in the hospital. In the former the mor- 
tality rate was 5.4 per cent for the initial attack and 12 per cent for all 
attacks; in the latter, 10 per cent for initial attacks and 20 per cent for 
total (Table 1). One may conclude, therefore, as Conner and Holt® 
have already pointed out, that the majority of patients survive their 
first coronaiy occlusion. Other authors, too, have indicated this; Moritz 
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and Beck“® discovered at post-mortem examination tliat 86 per cent liad 
survived tlieir first oeelnsion. Barnes and Wade,“° Sapliir, Priest, Ham- 
burger, and Katz,^° Smith, Rathe, and Paul^^ found evidence of more 
than one coronary occlusion in the great majority of cases seen at 
autopsy. 

The results were practicalty the same in men and women in all decades 
(Table II). In our scries the ratio of men to women was three to one 
(Table II). Although some of the earlier reports on eoronaty throm- 
bosis gave the impression that this disease is much more frequent in 
men, it is now evident that it is not uncommon in women. Moritz and 
Beck^® in ninety-four iDost-mortem examinations actuallj^ found tlie num- 
ber of men and women to be the same. 

The ages of the patients studied ranged lietween twenty-seven and 
eighty-seven j^ears (Table II). Tlie average was fifty-four years for 
both men and women. The average age of those who died was fifty- 
seven years, which age is only slightlj'^ greater than the average age 
of those wlio recovered from attacks. 


Table II 

Numbek of Attacks of Coronary Artery Throjibosis in Each Age Group 


age in yr. 

MALE 

FEMALE 

TOTAL 

DEATHS 

27-39 

15 

6 

21 (8%) 

2 (10%) 

40-49 

46 

16 

62 (23%) 

8 (13%) 

50-59 

70 

16 

86 (32%) 

13 (15%) 

60-69 

53 

18 

71 (27%) 

lo (21%) 

70-87 

19 

8 

27 (10%) 

6 (22%) 

Total 

203 

64 

267 

44 


Twenty-one attacks were treated in patients under the age of forty; 
only two of these died. Sixty-two attacks were treated in patients 
between forty and forty-nine years of age, with a 13 per cent mortality. 
The mortality rate rose in the older age groups, reaching 22 per cent in 
the eighth decade. In each decade, men and women fared the same. 
It will be seen that coronary thrombosis is not uncommon between thirty 
and fifty or even between thirty and forty, as Conner and Holt® have 
pointed out, although it occurs most frequently in the sixth decade. 
Once more, in confirmation of these authors, our finding that the mor- 
tality rate is lowest in the young and higher in the older group does 
away Avith a more or less prevalent notion that coronary thrombosis is 
much more serious in the young, i. c., the fourth decade or earlier. 

Multiple attacks of coronaiy thrombosis were surprisingly common. 
One hundred four (43 per cent) of our patients sustained more tlian 
one closure: there Avcrc two attacks each in 76 patients, three attacks 
each in 24, and four each in 4 patients, totaling 379 episodes of acute 
coronary arteiy occlusion in 243 patients, although only 267 of these 
attacks were treated by us. The same post-mortem evidence that ivas 
previously citGd®®-®^ to emphasize the fact that patients suiwived the 
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first attack of coronary thrombosis can be given to demonstrate the 
frequency with which multiple attacks occur. It is unusual to find 
evidence of only one myocardial infarct post mortem. When death 
occurs, proof of multiple coronary occlusion is present in nearly 80 to 
90 per cent of eases. 

Hypertension was present in 177 or 66 per cent of the attacks either 
at the time of observation or preceding the attack. If the systolic 
blood pressure was 150 mm. or more or the diastolic 90 mm. or more, 
hj’pertension was considered to be present. The mortality rate in these 
hypertensive patients was 13 per cent. In the ninety attacks without 
Imown hypertension, it was 23 per cent. Moreover, of the foi’ty-four 
patients who died only 23 (52 per cent) suffered from hypertension. 
Thus the prognosis in our series was not direetl}’- influenced by the pres- 
ence of hypertension. 

The eleetrocardiogTams were analyzed from the standpoint of locali- 
zation of the infarct on the anterior or posterior surface of the 
heart.®®’ Both the electrocardiogram and the post-mortem studies 
were used for this localization. In patients suffering their initial attack 
of myocardial infarction, the infarction occurred on the anterior surface 
in sixty-five and on the posterior surface in sixty-six. The mortality rate 
in each group was about tlie same, 7.5 per cent and 6 per cent, respec- 
tively. In nineteen cases there was evidence of infarction of both sur- 
faces, and the mortality in this group was 10.5 per cent. 

In patients suffering an attack subsequent to the first, the last acute 
infarction occurred on the anterior surface in thirty-nine with a mor- 
tality of 18 per cent and on the posterior surface in forty with a mor- 
tality of 22.5 per cent. Infarction occurred on both surfaces in twenty- 
five, the mortality rate rising to 44 per cent. Hence, the frequency of 
anterior and posterior infarctions Avas about the same and mortality rate 
identical. 

mSCU.SSION OF THE UNDERNUTRITION THERAPY 

We believe that the undernutrition therapy has been a factor in 
the good results Ave are reporting, and Ave shall endeavor to give evidence 
to support this vicAV. 

During the tAvo periods, 1930 to 1932 and 1933 to June, 1934, the 
mortality rate of Avard patients at the Mount Sinai Hospital, Ncav York, 
Avas 39.7 per cent and 40.5 per cent, respectively, Avhereas since June, 
1934, under our method of treatment it has been only 20.7 per cent 
(Table III) . Excluding deaths occurring in the first tAventy-four hours, 
the mortality rate has been halved, i.e., from 33 per cent to 16 per cent, 

*R-T elevaUon, T-wave inversion and a large Q-wave In Lead I or Leads I and II, 
and R-T depression, upright T-wave, and absent Q-wave in Lead lAT" ■were evidences 
of infarction of the anterior surface of the left ventricle. R-T transition elevation, 
inversion of the T-wave and large Q-wave in Lead III or Leads II and III, and 
elevation of the R-T and upright T-wave in Lead lA’’ were evidences of infarction 
of the posterior surface of the heart. In those cases, in which R-T elevation and 
T-wave inversions appeared in all leads, it was considered that infarction of both 
surfaces of tire heart had occurred. 
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and considering the mortality of the first attack alone, the rate has 
actnally decreased to less than one-third, i. e., from 36 per cent to 10 
per cent. Yet the only change in the method of treatment in this latter 
period (1934-1936) had been the institution of undernutrition.^' Pre- 
viously cardiac patients were given the ordinary hospital diet; indeed 
when a “cardiac” diet Avas specified, it was, as a rule, high carbohydrate, 
high calorie. It Avould, therefore, seem logical to conclude that our 
improved results may be due to undernutrition. It is particularly sig- 
nificant, we thinlv, that the mortality rate of the first attack has been so 
conspicuously reduced, for it is during the initial attack that treatment 
AA'ould have the greatest effect on the outcome. After all, patients during 
their second or subsequent attacks are likely to be Amiy iU, possiblj' 
beyond all help; and thej' are also the patients most likely to succumb 
in the first twenty-four hours before any treatment can be effective. 
A study of the mortality reports in the literature of the past few j'^ears 


Table HI 

Comparison op Methods in Treatment of Coronary Artery Thrombosis 


YEAR 

ATTACKS 

DE.VTHS 

MORTALITY 

RATE 

(%) 

MORTALITY 

EXCLUSIVE 
1st 24 HR. 
(%) 

MORTALITY 

1st 

ATTACK 

m 


131 

52 

39.7 

33.6 

36 


111 

45 

40.5 

33.0 

37 

1934-36t 

145 

30 

20.7 

16.0 

10 


*Regular diet. Digitalis and nitroglycerin. 
tReguIar diet only. (1933 to May, 1934) 
JUndernutrition only. (May, 1934, to 1936) 


(Table IV) indicates that these rates are much higher than those in our 
series treated with low calorie diets. The mortality rate of American 
and foreign authors for all attaclis ranged from 38 to 53 per cent, 
Avhereas ours was 16.5 per cent; and for the first attack only, their 
rates AA^ere 24 to 35 per cent as against 8 per cent in our cases. We 
believe that this difference camiot be explained, except perhaps in A’eiy 
small part, on the basis of recognition of mild cases through better diag- 
nostic acumen. For although we have included such eases, AA'e have 
also included severely ill patients hitherto classified as suffering from 
congestive heart failure, auricular fibrillation, and peripheral shock. 
Furthermore, the statistics quoted for comparison cover the years im- 
mediately preceding our test period, and it is probable that in both 
instances the same criteria were used for the diagnosis of coronary 
thrombosis. 

Clinical observation also has emphasized the value of the low calorie 
diet. In the great majority of cases pain disappeared after the first 
tAvo days of this diet. If a regular diet Avas resumed too soon, pain 


*It should be noted that in 1930 and 1931. digitalis and nitroglycerin n-ere used 
not infrequently, yet the mortality rates in these ^-ears were annroximatelv the same 
as those for 1932 and 1933 when the use of Uiese drugs had K di^Sued! 
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often recurred. Patients learned that small meals were most agree- 
able and occasionally difficulty was experienced in persuading- them to 
eat more food. Poods like fruit juices and millc and cream, Avhich the 
patient could not ordinarily tolerate, were easily taken when the low 
calorie diet was instituted. In the stage of shock it is obvious that 
forcing food may not only produce sjnnptoms but actuallj’’ may be 
dangerous to the patient. It is only logical to give small quantities of 
food such as 300 to TOO calories a day, as the whole organism requires 
complete rest. 

The close relationship between cardiac function and ingestion of 
food has been commented upon frequently. Heberden’® in 1768 noted 
that his patients developed an anginal spidrome after meals. KarreP® 
reported the value of a low caloric milk diet. Roemheld^®’ has written 
in detail of the gastroeardiae syndrome and believes that distention of 
the stomach caused by a heavy meal interferes with the action of the 
heart. He found that distending the stomach produced an anginal 
syndrome, extrasystoles, tachycardia, faintness, belching, etc. Using 
the x-ray, Le^wn and Rose*- arrived at similar conclusions. In experi- 
ments on animals, extrasysloles, auricular flutter, auricular fibrillation, 
etc., have been produced by manipulation of the abdominal vis- 
cera.^®’ 

Food and Cardiac Ouiput . — Another explanation of the beneficial in- 
fluence of diminished food ingestion on the heart lies in the resulting 
decrease in metabolism with its accompanying decrease in cardiac out- 
put. GrollmaiP® and Kisch and Schwarz*® and Jarisch and Liljestrand*" 
and, more recently, Gladstone*® have demonstrated a rise in cardiac 
output following a meal. Wayne and Graybiel*® in their clinical study 
of angina pectoris reasoned that the pain brouglit on by a meal was 
due to the added strain on the heart. These authors and also Master®® 
found that exercise tolerance was reduced after a meal. 

Additional eiddence of the effect of food restriction on the body 
metabolism is provided by the work of Sodorstrom, Barr and DuBois,®* 
who showed that small meals when frequently taken produce less specific 
dynamic action than the same food divided into three meals. McCann®^ 
and Richardson and ]\Iason®® showed tliat following starvation the 
specific dmiamie action of food is less than when following a regular 
diet. In a diet of 800 calories both these factors are in play. 

The value of low calorie diets in patients with coronary thrombosis 
is thus confirmed by experimental and clinical observations. A patient 
at complete rest requires less food and less food intake makes corre- 
spondingly smaller demands on the heart muscle. 

Effect of Undermdriiion on the Circulation . — In previous articles®*'®' 
we have reported the effect of undernulrition on the basal metabolism 
and the circulation of patients suffering from coronary aifery disease. 
In forty-two patients it was shovm that the basal metabolic rale could be 
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lowered to -20 to -35 per cent and that, by varying the amount of food, 
the patient could he maintained at definite levels of basal metabolism. 
To attain the drop in basal metalmlic rate to -20 to -30, a loss of at least 
6 per cent of tlie initial body weight was necessary. This loss of weight 
appeared harmless. Indeed, to a patient who is overweight, it is valu- 
able, for in the overweight the domes of the diaplrragm are elevated and 
the vital capacity is diminished. Exercise tolerance is definitely reduced 
and studies in circulatory djmamics show that the obese patient is handi- 
capped.®^ 

Low Calorie Diet and Work of Heart.— The postulate that a lowered 
basal metabolic rate has a favorable effect on the heart is not novel. 
In 1900 Hirsehfeld®® concluded that undeimutrition lightened the work 
of the heart. Lusk®®’ ®" was aware of the beneficial influence of a low 
basal metabolic rate upon the cardiovascular system, DuBois®® very 
recently expressed the hope that a drug capable of depressing metab- 
olism would be introduced in the treatment of heart disease. A low 
calorie diet may satisfy this need. 

The effect of the low calorie diet on the heart and circulation has been 
specifically investigated in our previous studies®^"®^ (Table V). It was 
shown that the pulse rate in our patients fell to 50-60 beats per minute 
aud occasionally below 45. After the pulse and blood pressure readings 
had remained constant for several weeks, an increase in the diet pro- 
duced a definite rise in pulse rate. The systolic, diastolic, and pulse 
pressures were also raised. Benedict and his coworkers®® and also Bub- 
ner®” reported similar effects on blood pressure and pulse in normal 
subjects. Since the work of the heart is dependent upon the blood 
pressure and pulse rate,®^’ ®® it is evident that undernutrition by lower- 
ing basal metabolism decreases the work of the heart. 

Slowing of the pulse rate not only lessens the woi’k of the heart but 
has been shown experimentally to he most efficient for the lieart .since 
less oxygen per unit of time is required for a given amount of 
work.®®'®® 

That a reduction in basal metabolism diminishes the work of the 
heart was shovTi direetlj’- l^y Altschule,®® who measured the cardiac 
output follomng total thyroidectomy. He found that a drop in basal 
metabolic rate of 30 per cent effected a reduction of 40 per cent in the 
work of the heart. A similar study®^ was made by Hack in one of our 
patients in whom the cardiac output measured 2.76 liters per minute 
(Table V) after the basal metabolic rate had dropped to -30 per cent. 
On an increased diet, the basal metabolic rate rose to -5 per cent and the 
cardiac output to 4.15 liters. The pulse rate which had averaged 58 
on the low diet rose to 71; the sy.stolic blood pressure rose from 96 to 
128 mm.; and the diastolic from 65 to 86 mm. Hg. From these observa- 
tions it was calculated that there was a reduction of 49 per cent in the 
work of the heart during the low calorie intake. 
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Table V 


Influence of Undeknutrition on Cardiac Output and Work of Heart 

(H. F.j LLvle, Aged 40) 


DIET 

CAIjORIES 

B. M. R. 

PER 

CENT 

PULSE 

RATE 

BLOOD PRESSURE ] 

SYSTOLIC J DIASTOLIC 

CARDIAC 

OUTPUT 

lATERS/jnN. 

CARDIAC 

WORK 

KG. M./MIN. 

|Kin|||| 

-30 

5S 

96 

(}5 

2.76 

3.0 


-5 

71 

12S 

so 

4.15 

5.9 

Change 

- 25 % 

- 18 % 

-25% 

-24% 

-32% 

-49% 


No Loss of Gardiac Efficiency in Vndernnirition. — The reduction in 
cardiac output during undernutrition is not associated -with diminished 
cardiac efficiency. This was shown by Benedict and his associates'^® and 
by Chittenden®® and Jaffe, Boulton and Ryffel,®® who studied the re- 
sponse of their patients to exercise. Despite a continued low basal 
metabolic rate, our patients, too, showed no diminution in vital capacity, 
exercise tolerance, or blood velocitj’' and were able to return to moderate 
activity while still undernourished. Pain was minimal. Tliese observa- 
tions on metabolism and circulatory djniamics in our patients indicate 
that the low calorie diet is beneficial to the heart. 

Possible Ill-Effects of Diet. — ^No ill-effects wnre noted during pro- 
longed underfeeding. The blood sugar, blood protein, and blood choles- 
terol remained normal. Lusk®®- and Rubner®® have shomi that loss of 
body protein is very slight on a diet similar to ours. Acetone was never 
found in the urine, and no evidence of dehydration or myxedema was 
observed. The general good health of the patient was maintained even 
after months on the 800 caloric diet; indeed, the patients felt so well 
that it was often difficult to persuade them to increase their food intake, 

SUMMARY 

1. Two hundred and forty-three patients suffering from coronniy 
artery thrombosis were treated by a low calorie diet and prolonged rest 
in bed. Digitalis, adrenalin, or nitrites were not used. 

2. The mortality rate in 267 attacks was 16.5 per cent; in first attacks 
only 8 per cent. Ulost patients suiwivc an initial attack of coronary 
thrombosis. Almost one-half of our patients had suffered one or more 
previous attacks. 

3. Coronary thrombosis is not uncommon in women. The ratio of 
men to women was 3 to 1. It occurs not infrequently in the fourth and 
fifth decades and the prognosis in these is better than in the older age 
groups. The average age in our series was fifty-four years. 

4. II:^T)erlension, which preceded the attack in 66 jicr cent of case.s. 
did not directly infiuenee the prognosis. IVheu coronary thrombosis 
occurs in women, hypertension or diabetes is nsually present. 

5. Infarction of the anterior and posterior surface of tiie left ventricle 
occurs with equal m-;quency; tliere is no difference in ]>rognosis. 
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6. Irregularities of the heart developing during an attack were transi- 
tory in most cases and required no specific treatment. 

7. Evidence is given that the good results reported in this series may 
be attributed in part to the undernutrition therapy which eliminates 
gastrocardiac reflexes, minimizes the rise in metabolism and cardiac out- 
put which usually follows a meal, and gradually lowers the basal 
metabolic rate. This effects a defirease in pulse rate and blood pressure, 
and so a diminution in the work of the heart. 

8. No ill effects were observed following the use of the low calorie diet. 

9. Instances of coronal^ arteiy thrombosis occur which are inevitably 
fatal because of the size of one or several simultaneous infarctions or 
because of the severe degree of involvement of all the coronary vessels. 
Prom this series of eases, however, it appears that in the main the 
prognosis of an attack is hopeful and, indeed, death in the fir.st attack 
is infrequent. 
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A STUDY OF THE CAEDIAC OUTLINE^^ 

Bernakd S. Epstein, M.D. 

Brooklyn, N. Y. 

T he practice of cardiac radioscopy is based on onr knowledge of the 
relative positions of the chambers of the heart and the conception 
that each chamber may be rendered border-forming by rotating the 
patient into suitable positions. The relative length of each segment of 
the cardiac silhouette and its degree of curvature offer valuable informa- 
tion concerning tlie size and depth of the outlined chamber. 

Emphasis has been placed recently on cardiac enlargement as a prog- 
nostic sign in heart disease.^ Increase in the size of a single chamber 



Fiff. 1. — outline of nqrmal heart in situ. B, outline of the same heart removal 

from the thorax. 


is of the greatest importance. Recent interest in the radiological ap- 
pearance of individual chamber enlargement and the position and con- 
figuration of the great vessels has prompted this study .- 

Post-mortem examinations of the heart in situ were made in twenty- 
eight cases. The trachea was clamped before the sternum was removed 
in the first six cases in an effort to keep the lungs relatively inflated. 
Subsequent observations showed that this precaution was unnecessary 
since minor displacements of the lungs did not affect the position of 
the heart appreciably. Manipulation of the diaphragm, preexisting 


•From the Radiologic Seiadcc of Dr. A. J. Bendick 
L. Llchtwitz, Montefiore Hospital, New York City. 
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hydrotliorax, or pleural adhesions of minor degree did not alter the 
cardiac configuration or position. Pleuropericardial adhesions likewise 
did not influence the situation of the cardiac borders, in the absence of 
intrapericardial adhesions, unless they Avere extensive. 

After the sternum Avas removed, the pericardium AV'as opened Avndcly. 
An accurate sketch of the heart in situ was made. The size and exact 
positions of the Amrious cardiac segments and great A’^essels Avere noted. 
Despite the facts that films taken during life were taken in the erect 
position at a 2-meter distance and the post-mortem measurements Avere 
made Avith the body in the .supine position, the measurements Avere in 
fair agreement. But the difference in the configuration of the heart 



FIS'. 2. — X, E., male, aged thirty-seven years. Bilateral tuberculosis. The left 
auricular appendage appears as a small triangular area at the junction of the 
pulmonarj- artery and left ventricle. 

borders and their relative positions before and after removal of the 
organ foom the body AA’cre particularly strikmg (Pig. 1). 

It is understood that the correlation offered by this study is approxi- 
mate at best. We cannot take info account the effect of the rotation 
of the heaifl during systole or the results of the relaxation of the cardiac 
musculature during diastole. It is doubtful, hoAvcvei’, Avhether these 
factors are of clinical significance. 

The left border of the normal heart is formed by three main arcs. 
These consist of the arch and upper thoracic poi-tion of the aorta, the 
inilmonary arteiy, and the left A'cntricle. An elongated left auricular 
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appendage is sometimes seen extending from liet-vveen tlie two left pnl- 
monarj’ veins to a position near the junction of the pulmonary artery 
and the left ventricle. This may form a small portion of the border, 
but is insignificant for all practical purposes (Fig. 2). 

A small portion of the pulmonary conus is sometimes seen on the 
left cardiac border in the more hypoplastic type of heart (Fig. 3). The 
second left arc in these individuals consists of two portions, the pul- 
monary artery lying above the conus. The pulmonary artery is always 
the longer of the two segments. The left auricular appendage may 
extend from behind to overlap partially the conus, thereby increasing 
the apparent convexitj’’ of the arc. 



Pig. 3. — E. G., female, aged thirty-five years. Brain tumor. T)ie pulmonaiT conus 
is border-forming on the lowermost part of the second left arc, immediately above the 
left auricular appendage. 


The right border of the normal heart is formed entirely by the lateral 
border of the right auricle (Figs. 2 and 3). The right auricular ap- 
pendage is situated anterolateral ly and occupies the upper two-thirds 
of the right border. It is a wide chamber in free communication with 
the body of the auricle, and may extend as far anteriorly as the mid- 
line of the heart. The lower one-third of the right auricle lies more 
posterolaterally and varies considerably in its transverse diameter. At 
times .it measures but 1 cm. across. One cannot estimate the transverse 
extension of this chamber in the postero-anterior projection because 
its mesial border is lost against the dense shadow of the remainder of 
the heart. 
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The superior vena cava is frequently visualized arising from the 
upper part of the right border. Infrequently one may demonstrate 
the supradiaphragmatic portion of the inferior vena cava. 



Fig. 4. — C. B„ female, aged twenty-seven years. Advanced bilateral tuberculo.sis. 
The pulmonary artery of the drop type of heart courses parallel to the aorta for an 
appreciable distance. 



The diaphragmatic surface of the heart is formed in most part by 
the right ventricle. The inferior vena cava and, to a more appreciable 
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extent, the apex of the left ventricle form the outermost portions of the 
diaphragmatic area. 

The body of the left auricle is never border-forming in the frontal 
projection of normal hearts. It may be seen occasionally as a circular 
or oval shadow of slightly increased density in the center of the cardiac 
silliouette. Dilatation of the left auricle may cause its right border to 
projeet bej'ond the shadow of the right auricle. Displacement of its 
left lateral border bej'ond the shadow of tlie second and third left 
cardiac segments is very unusual, even in the presence of excessive 



Fig-. G. — The pulmonary arterj' is well outlined in the left oblique position The 
aortic impression against the barium filled esophagus is seen just above the pulmonary 
artery. 


auricular dilatation. I have been able to find but one such case in the 
literature.-" Another is reported at the end of this paper. 

The left auricular appendage is rarely dilated appreciably. This 
may be ascribed to its dense structure and its comparative isolation from 
the body of the auricle. 

Tlie angle of origin of the main stem of the pulmonary artery from 
the conus or outflow portion of the right ventricle is of interest. The 
artery arises almost perpendicularly from the conus in the normal 
'^drop--' type of heart, courses parallel to the aorta for as much as 
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from 5 to 7 cm. before it spirals around the aorta and divides into the 
right and left pulmonaiy arteries. Its origin in the more transverse 
type of heart is more oblique and, as a rule, the main stem is shorter 
(Figs. 4 and 5). Frccpiently a part of the left main branch can be 
seen in the frontal view springing from the upper portion of the second 
left segment. One is able in some cases to trace almost the entire length 
of the left pulmonary arteiy by rotating the patient slowly into the 
left oblique position while observing the left pulmonary artery (Fig. 6). 

The superior interventricular indentation is usually located at the 
point where the pulmonary artery swings vertically away from the 



Fig. 7- — S., male, aged lorty-sevcn ycar.«. Polycythemia vera. Heavy deposits of 
subepicardial fat obscures the superior inten'entricular indentation. 


left ventricle. Its level can be approximated lluoroseopicall}’^ by noting 
the point on the left cardiac border where the lower and middle seg- 
ments pulsate forcibly in opposite directions — the so-called “oscillating 
point.” This can be differentiated from the twitching pulsation of the 
loft auricular appendage when it is border-fonning. A gas-filled stom- 
ach bubble often enables one to visualize the apex, and is of considerable 
aid in determining the true extent of the left ventricular segment. The 
inferior interventricular indentation can be identified in the right 
oblique position, and oceasionallj’- is demonstrable in the postero-anterior 
position through the stomach bubble. 
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Tlie position of the anterior interventricular snlcns may be estimated 
by drawing a line between the inferior inteiwentricular indentation to 
the oscillating point between the second and third left cardiac segments. 
In order to localize the septum, it would be necessary to localize the 
posterior intcrvcntricnlar sulcus. I laiow of no method for doing this, 
since any rotation of the heart changes the posterior sulcus’ position. 
Even if one could accuratch* localize both sulci, it would be extremely 
difficult to determine whether and how far the interventricular septum 
bulges into the right ventricle. 



to the right because of the clockwise rotation of the heart produced by the enlarged 
left ventricle. 

When the heart is seen in situ with the pericardium open, each seg- 
ment is clearly outlined. As seen on the radiogram, tlie borders are 
usually smooth. It has been suggested that this may be due to the 
shadow cast by the pericardial sac. Heavy deposits of subepicardial fat 
(Fig. 6*), or thick pericardial adhesions may also obscure normal sej)- 
arating points. Pericardial effusions of appreciable degree completely 
obliterate all landmarks. 

*The Aim for Fig. 6 is reproduced through the courtesy of Dr M G Wasrb nf the 
Jewish Hospital of Brooklyn. oi rne 
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The characteristic findings of chamber enlargement have been ade- 
quately described in the literature.^ Each chamber except the right 
auricle enlarges in a characteristic fashion. 

During the course of this study several instances were noted in which 
massive enlargement of the left ventricle rotated the heart clockwise, 
thereby displacing the left auricle toward the right. In these instances 
the esophagus was deviated slightly to the right (Fig. 8), but there was 
no elevation of the left main bronchus. 

CASE REPORT (fIG. 9) 

E. 0., a t-wenty-two-year-old girl was admitted with complaints of shortness of 
breath and palpitation. She had had rheumatic polyarthritis with cardiac in- 



Pig. 9. — R. O’N., lemale, aged twenty-two years. Chronic rheumatic cardiovalvular 
disease with mitral stenosis. The left auricle form.s approximately half of the left 
border. Note that the enlarged right ventricle has rotated and elevated the right 
auricle. 

volveincnt at the age of five years, followed by an episode of chorea lasting 
several weeks at the age of eight years. Patient first noted dyspnea, palpitation 
and prelibial edema at the age of twenty years. 

Phyisical examination revealed a slim, poorly nourished girl. JSTo cyanosis. 
Lungs clear. Apical impulse in the fifth interspace beyond the midclavicular line. 
Forceful apex beat with diastolic thrill at the ape.x. Presystolic and systolic apical 
murmurs, transmitted upward. Heart action totally irregular. Liver enlarged and 
tender. 

Laboratory Findings. — Hemoglobin, 70 per cent. Saccharine circulation time, 45 
seconds; ether circulation time, 9.G seconds. Sedimentation rate, 12 mm. in the 
first hour. 
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Course . — Liver remained enlarged despite mercurial diuretics. Patient died 
two months after admission, 

Report of X-ray of Chest . — '‘The heart is globular in shape and shows marked 
enlargement of the left ventricle with a marked posterior bulge. There is marked 
enlargement of the outflow tract and inflow tract of the right ventricle. The left 
auricle is seen as a central shadow of increased density in the postero-anterior view. 
It is enlarged horizontally and elevates and compresses the left bronchus in the 
vertical position. The aorta is hypoplastic, and the heart is rotated. ’ ’ 

Clinical Diagnosis . — Chronic rheumatic cardiovalvular disease, "with mitral stenosis 
and insuQiciency, auricular flbrillation, congestive heart failure. 

Post-Mortem Findings . — Heart weighed 425 gm. Eight auricle was dilated. 
The right ventricle was markedly dilated and hj-pertrophied, the dilatation involving 
both the inflow and outflow tracts. The left auricle was tremendously dilated. 
The auricular appendages were free. The left ventricle was slightly dilated. The 
mitral valve was stenosed, showing a calcified “fish-mouth” opening. The pul- 
monary artery and left main bronchus wmre elevated. The aort wms hj'j)oplastic. 


SUMMARY 

The cardiac borders were studied in situ in twenty-eight cases. The 
following points are emphasized. 

1. The left auricle rarely appears on the left border. The left 
auricular appendage may be border-forming, but it is rarely of any 
significance. 

2. The pulmonary artery forms the major portion of the second 
left cardiac arc. 

3. The angle of origin of the pulmonary artery with the conus may 
vary considerably. The length of the second left arc varies directly 
with the length of the pulmonary artery. The more perpendicular 
variety is usually the longer. 

4. Enlargement of the left ventricle may rotate the heart clockwise, 
thereby displacing the left auricle toward the riglit without dilatation 
of the latter chamber. In these instances deviation of the barium-filled 
esophagus to the right does not necessarily indicate an enlargement of 
the left auricle. 

5. An unusual case of left auricular dilatation is presented. 
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A STUDY OP THE QRS COMPLEX OP LEAD III IN 
LEPT AXIS DEVIATION'' 


WlLLmi A. SODEMAN, M.D. 
New Orleans, La. 


I N THE routine analysis of the electrocardiogram, one is impressed 
with great variations in the configuration of the conventional third 
lead. These variations are conspicuous in that class of tracings which 
sliow left axis deviation. This analysis has been undertaken to at- 
tempt to group those records showing left axis deviation into a number 
of subdivisions, chosen upon the general pattern of the QRS complex 
as displa 3 ’’ed on inspection and not upon degree of axis deviation, in 
order to demonstrate any vaiying sigaiificanee of these patterns in 
disease, and, if possible, to attach diagnostic significance to changes in 
the much neglected Lead III. 

Pour hundred thirty-one records were anatyzed, representing all 
the tracings showing left axis deviation in 1,781 consecutive electro- 
cardiograms of subjects on whom adequate clinical data were available. 
Left axis deviation occurred in 24.2 per cent of the 1,781 electrocardio- 
grams reviewed and was considered present in those tracings which 
displajmd the major deflection upward in Lead I and downward in 
Lead III. Usuallj* R 2 was smaller than R^ but in twenty-two cases Ro 
was greater than R^. The inclusion of this group will be discussed later. 
In no case was a record with a QRS width greater than 0.10 sec. included. 
Bundle-branch block and defective intraventricular conduction were thus 
eliminated. All cases were classified clinicalty, upon the criteria of the 
American Heart Association,^ into “definite,” “possible,” “potential” 
and “no heart disease” groups in a rigid and critical clinical surve.y. 
Por analysis in this paper, however, the cases were divided into “defi- 
nitety” and “not definitety” diseased groups, the latter including those 
patients in the “normal,” “possible” and “potential” divisions, so as 
to influence favorablj’’ any conclusions which maj^ be drawn from the 
anatysis. 


A review of the 431 records disclosed seven general patterns, as shown 
in Pig. 1. The frequency of their occurrence, together Avith the number 
and percentages of patients showing the presence or absence of definite 
clinical heart disease, is summarized in Table I. 


Definite heart disease often occurs in individuals with normal electro- 
cardiograms. In 100 consecutively studied patients with heart disease, 
Pi'ogCT and Minnieh- found 38 per cent with normal electrocardiograms. 


»Prom the Department of Medicine and the Hutchinson 
of Medicine, Tulane University of Louisiana. 
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Only 65.4 per cent of the pre.sent series of patients with left axis devia- 
tion were proved to have definite heart disease clinically. This estimate 
may, however, be too low because of the conseiwative method of classify- 
ing patients. On the other hand, one cannot safely aseidlje 65.4 per cent 
of the instances of left axis deviation to heart disease, for a portion of 
this group, as in the 34.6 per cent not diseased, would undoubtedly show 
left axis deviation in the absence of disease. And so it is with other 
electrocardiographic changes. It is not only the frequency of the occur- 
rence of a change in diseased hearts but the iirfrequency of its occurrence 
in the normal heart that establishes its value. Since most patients on 
whom electrocardiograms are taken are suspected of heart abnormalities, 
one must use care in evaluating unusual changes in these patients. 

The curve pattern shovm. in Pig. 1, A, represents the most frequent 
Lead III tjT)e seen in this series. It occurred slightly more often in 
those without demonstrable disease (51.6 per cent) than in those with 
definitely diseased hearts (48.4 per cent). Almost invariably in the ah- 


Table I 


GROUP 

XUltBER OP 
DISEASED 
I’ATIENTS 

XU.MBEK OF 
PATIEXTS 

XOT 

DISEASED 


TOTAL 

A 

77 (48.4%) 

82 (51.0%) 

1.59 

(3G.8%) 

B 

29 (72.0%) 

11 (27.5%) 

40 

( 9.2%) 

C 

25 (75.7%) 

8 (24.3%) 

.33 

( 7.9%) 

Significant Q, 

22 (85.0%) 

7 (15.0%) 

29 

( 0.7%) 

D 

108 (71.1%) 

44 (28.9%) 

152 (35.2%) 

Cun'es of Proger 
and Minnicli 

.30 (93.7%) 

2 ( G.3%) 

32 

( 7.4%) 

E 

21 C91.3%) 

2 ( 8.7%) 

2.3 

( 5.3%) 

P 

2 (GO.7%) 

1 (.33.3%) 

3 

( 0.7%) 

G 

8 (88.9%) 

1 (11.1%) 

9 

( 2.1%) 

H 

8 (GG.7%) 

4 (.3.3.3%) 

12 

( 2.8%) 

Total 

282 (G5.4%) 

149 (34.6%) 

4.31 

(100.0%) 


sence of disease, and often in the presence of disease, this curve type 
occurred in patients of the hypersthenic habitus, usually wdth obesity. 
Inversion of P 3 and T 3 was often associated, eonceraing which, at pres- 
ent, I am reporting no analysis. Proger," in a study of 100 obese in- 
dmduals with and without heart disease of the hypei'tensive tjqie, found 
left axis delation as frequently, and almost to the same degree, in simple 
obesity as in patients Avith obesity, hjqjeitension, and cardiac hyper- 
trophy. He concluded that axis deviation in the eleetrocardiagram of 
the obese patient is of no value as an aid in the diagnosis of relative 
ventricular hj'pertrophy. ]\Iy experience in this group confirms his 
statement. The predominance of the noudiseased group in this .series is 
due to a great extent to the fact that hj’persthenic and obese indhiduals 
Avere often referred for electrocardiograms because the body type Avith 
“transverse heart” leads frequently to suspected enlargement clinicalljL 
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Fig. i , — Curves Illustrating Groups A to G tabulated In Table 








576 


THE AJIERICAN HEART JOURNAL 


Group B, as sliomi in Fig. 1, B, appears to be a variation of Group A. 
It represents a type of curve -wliieh may be included in a group previ- 
ously described by Katz and Slater.^ Although they state that this curve 
has not been mentioned before, it is similar to Pardee’s jM-shaped QRSg. 
They have analyzed those eases showing left axis deviation in which 
there is a distinctly positive R-g followed by an Sg, the upward stroke 
of which rises above the isoeleetx’ic level. All of the present group fit the 
criteria of Katz and Slater. Cases without the second positive deflection 
or, unlike those cases of Katz and Slater, those vdth a second positive 
deflection of 1 mm. or less were placed in Group A, as were those with a 
suggestive but not distinct initial upward deflection. Furthermore, I 
have included no eases with QRS complexes lasting more than 0.10 sec. 

This Group B type of curve appeared in 320 (4 per cent) of 8,000 
records analyzed by Katz and Slater. Ixi the present series, 40 cases (2.3 
per cent) were found in 1,781 records. This lower incidence may be 
ascribed to many faetoi’s. Variations in type of patients (for example, 
negroes) may play a part. Katz and Slater’s patients appear to have 
been in part bed patients. The present series is composed entirely of 
ambulatory patients. Furthermore, there were certain differences in 
the criteria used. Their eases include in part, as evidenced by their 
Fig. 11, certain examples of definite right bundle-branch block. 

Eighty-six per cent of their 50 analyzed cases showed clinical evidence 
of heart disease. Of the remaining 7 patients, 5 were in the arterio- 
sclerotic age group (40 to 54 years). In the present group of 40 eases, 
29 (72.5 per cent) were definitely diseased, while the remaining 11 
(27.5 per cent) were not. Again this discrepancy in figures may be 
ascribed to the factors causing variations in incidence. For example, 
the removal of those patients mth right bundle-branch block would cer- 
tainly change the ratio of diseased to nondiseased patients. 

In three instances the second positive deflection in Lead III was of 
great amplitude (5 mm. or more). These patients were definitely dis- 
eased. The effect of the second positive deflection in these three patients 
upon Lead II (Fig. 2, D), together with its interpretation, will be more 
clearly understood in the discussion under the heading “General Dis- 
cussion.” The T-wave changes in relationship to the second positive 
deflection are now under investigation in this laboratoiy. 

The third group, as shoum in Fig. 1, C, is the so-called Qg type of 
cuiwe in accompaniment -ndth left axis deviation, comprising 33 cases 
(S per cent). This figure represents 1.8 per cent of all records reviewed. 
In appearance the curves differ essentially from those of Group A, and 
especially Group B, in the absence of an initial upward deflection. 
Twenty-nine, or 88 per cent, of these records met the criteria for sig- 
nificant Qg as laid dovm by Pardee,° that is, normal or left axis deviation 
of the QKS combined ^vitH a large Qg which is 25 per cent or more of the 
largest deflection of the QRS complex in any lead. Twenty-two of the 
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25 in the diseased group fell into this catcgoiy. Of the 8 nondiseased 
patients, 7 fell into this group (88 per cent). Although the present 
series includes only left axis deviation, omitting 3 pregnant women, 85 
per cent of the patients with Pardee’s criteria were definitely diseased. 
Among the 7 nondiseased patients, 3 were pregnant; one was fifty-six 
years old and showed peripheral vessel sclerosis hut no evidence of 
cardiac abnormalities; and 3 were apparently normal. These 3 were 
of the hjTiersthenie habitus. 

Pardee^ suggests that a large Qg indicates disease of the left ventricle, 
while others ascribe it to septal disease. Its occasional occurrence in 
normal hearts, he states, may be due to unusual distribution of the 
His bundle and/or to a high position of the diaphragm, as a contributoiy 
factor. He found a significant Q, in onlj’^ 2 of 277 records taken from 
normal hearts. Edeiken and 'Wolferth'^ found no significant Q3 in 709 
apparently normal college students, but in 1,900 unselected electrocardio- 
grams he found a significant Q3 in 78 (4.1 per cent) of whom 63 (84 
per cent) had definite heart disease, 7 were doubtful, 5 had no heart dis- 
ease, and 3 were unclassified. Although the present series contains only 
left axis deviation, the percentage of diseased patients (85) corresponds 
closely with Edeiken and Wolferth’s comparable series, Borg^ found a 
deep Qg in 78 records taken from 1,819 electrocardiograms, but onlj’- one 
such Qg in a normal individual, Wilhus® found this peculiarity in only 
3 nonnal individuals among 300 cases. One of his published records 
{Fig. 1, middle record) and one of Pardee’s {Fig. 1, D) appear to have 
an initial upward deflection in Lead III. If this were so, these records 
do not meet the criteria. However, the several complexes shown in the 
illustrations are not sufficient for judgment of these records, which must 
rest upon views of longer strips, to rule out the possibility of muscle 
tremors and artefacts as a cause of small initial upward deflections. This 
problem may be a real one, as pointed out by Eenichel and KugeU.® 
The tracing's of Cohn and Eaisbeck,^® taken by rotating the leads upon 
the normal subject to produce the effect of countercloclcwise motion of 
the heart (left axis deviation), show the occurrence of a large Qg (Colui’s 
Figs. 4 and 0). In Edeiken and 'Wolfcrth’s group of pregnant women, 
two typical Q3 curves in late pregnancy disappeared following deliverjL 
Pardee had shown the same change. Feldman and Hill“ found 5 
Q-waves of significance in 36 nonnal pregnancies. Carr, Hamilton and 
PahneF^ in an electrocardiographic study of 342 pregnant women found 
17 (4.9 per cent) in whom a significant Qg continuously present. 
Thirteen of these women showed no definite or suggestive cardiac 
changes. In 3 (4.2 per cent) of 71 pregnancy records reviewed in the 
present series, a significant Qg was seen. I ascribe the changes, as do 
others, to changed position of the heart, a “transverse heart,” or pos- 
sibly a rotation of the heart upon its axis or the vertical axis of the body. 
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Such an explanation would also satisfy the findings in the 3 normal 
hypersthenic individuals in the present series and agrees with the find- 
ings of Colm and Kaisheck. These curves are no doubt variants of the 
changes described in Groups A, B, and D, due to ehanges in cardiac posi- 
tion. Such findings cast no doubt upon the genuineness of the meaning 
of the Qg in coronary disease but emphasize the importance of the evalua- 
tion of the electrocardiogram not by itself but in terms of the individual 
patient. 

I shall again consider the Qg curve under general discussion. 

The second most frequent type of curve encountered was that of the 
pattern shown in Pig. 1, B. This type of eurve combines the presence 
of left axis de^dation with a definite Sg of varying amplitude, with Si 
absent or smaller than Sg. There were 152 such patients, representing 
35.2 per cent of the entire group. Of these, 71.1 per cent were definitely 
diseased, 28.9 per cent were not. In comparison with Group A, it wll 
be seen that 71.1 per cent of the patients were definitely diseased, as 
opposed to 48.4 per cent in absence of the Sg (Fig. 1, A). The presence 
of Sg then distinctly increased the possibility of the presence of heart 
disease from 48.4 per cent to 71.1 per cent in this series. 

An attempt has been made recently to analyze certain of the members 
of this broad group in association with the presence of other defects.® 
The criteria used in that study were: (1) an inverted or low erect T,, 
less than one-seventh of the R-wave; (2) an Sg of at least one-half the 
amplitude of Rg; and (3) an erect Tg greater than Tj. Proger and 
i\Iinnich® fotiiid 40 such records in 136 cases of left axis deviation. Thirty- 
eight (95 per cent) of their patients had ob\ious heart disease, an in- 
cidence of disease “sufficiently strildng to warrant considering such 
electrocardiograms regularly as distinctly abnormal.” In the present 
series the incidence of such a combination of findings is much smaller, 
32 (7.4 per cent) in 431 cases. In 30 (93.7 per cent) of the 32 patients 
definite heart disease was demonstrable clinically. One patient was, to 
all metlTods of examination, entirely normal and another, vdthout 
demonstrable heart disease, has definite carcinoma of the bronchus wth 
cardiac displacement, which may account for the findings. This analysis 
in general supports and confinns the findings of Proger and IMinnich. 
In their discussion of the significance of the prominent S-wave in Lead 
II, they offer no acceptaJfic explanation ])u1 consider the possibility of its 
association with cardiac abnormalities in the manner of T-wave disturb- 
ances. An attack upon the explanation of this problem will be outlined 
later under “General Discussion.” I have included in this group two 
curv'cs cla.ssed in Fig. 1, E, both falling in the diseased group and both 
meeting Proger’s criteria. 

The group taldng the configuration seen in Pig. 1, E, occurring with 
R; greater than Ri, violates a usual principle of left axis deviation. Of 
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course, tlie major deflection is definitely down in Lead III and up in 
Lead I. In this group, S 2 was always present, and I believe that the 
dovmward deflection in Load III is distinctly different from that in the 
previous groups. Of 23 patients (5.3 per cent of all curves analyzed), 
2 (8.7 per cent) were not diseased, and 21 (91.3 per cent) were. 

Three tracings (0.7 per cent) showed the form portrayed in Fig. 1, F. 
Two of the patients were diseased, one was not. 

The final typical picture seen was that siiovm in Fig. 1, G. This group 
showed left axis deviation with tlie upward deflection in Lead II con- 
forming closely in height and outline to that of Lead III and, conversely, 
the major deflection dovmward in Ijead IT but always smaller than that 



A. B. , D. 


Pig. 2. — A, normal electrocardiogram ; B, C, tracings of simultaneous curves taken 
from Groedel (Das Elektrokardiogramm, Vol. 11, Plates 16G, 83) ; D, curve illustrating 
extreme case falling into Group B. 

in Lead III. The positive deflections in Leads II and III were usually 
of low amplitude with rounded peaks and considerable thickening. 
Eight such curves (88.9 per cent) were recorded from patients with 
hjqiertension and definitely enlarged hearts. One ( 11.1 per cent) was 
found in a normal individual, as studied clinically and roentgeno- 
logically. 

Twelve records (2.8 per cent) (Table I, H) showed bizarre tracings 
which do not fit any of the classes described and had no eon.stant character- 
istics. Although the group is a miscellaneous one, inclndmg notching and 
splintering of QRS 3 , into which, as far as anatysis is concerned, one may 
place Group F, a larger series may disclose members with constant char- 
acteristics which will demand establishment of categories of their omi. 
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GENERAL DISCUSSION 

A glance at Fig. 1 -will disclose a resemblance between some of these 
cuiwes and those with normal axis deviation. Lead III of Fig. 1, A, for 
example, might well be a complete inversion of the ventricular complex 
as compared with Fig. 2, A. If one assumes that R.. may become in- 
verted, the possibility exists of the main downward deflection being a 
Q-wave, an inverted R, an S, or a combination of these lliree. Ein- 
thoven^“ called the chief dovniward deflection in left axis deviation an 
inverted R, and today on the Continent this nomenclature is found. 
Lewis preferred to call this wave an S, and the English-speaking peoples 
have adhered to his nomenclature. Herrmann and WilsoiR'' state that it 
is unquestionably true that this deflection is produced by the same 
muscle activity that gives rise in the same cases to the exaggerated Rj, 
and that we have no .more right to call it "S” than we have to call the 
inverted R,_ of dextrocardia “S” but that it is convenient to avoid speak- 
ing of inverted deflections. It apiiears more confusing to the author, 
however, to call a wave “ Q ” at one time and “ S ” at another, when it 
is really chiefly R-wave in both eases, and to designate a wave Q or S 
in different curves when it signifies the same physiological or ])atho- 
logical processes. If one is to diseu.ss the significance of a Q-, R- or 
S-wave in diagnosis, he must, for intelligent results, refer to the same 
process each time. Since this appears to be impossible according to 
Levfls' nomenclature, the author prefers the nomenclature of Einthoven, 
which has been advocated recently in this country by IIur.xthal.^" 

I have chosen to designate Lead III in relationship to the nomencla- 
ture of Lead I, Avhieh is almost without exception uniformly consistent. 
This plan involves the designation of time intervals in Leads II and III 
rather than upward or downward deflections Avith the letters Q, R, and S. 
It is best carried out Avith simultaneous registration of the three leads, 
or, at least, of Leads I and II, and I and III. IIoAAWer, it may be 
carried out in routine curves, as usually taken, by the application of 
Einthoven ’s principle: Lead II = Lead I + Lead HI. Since nlloAA'ance 
must be made for changes due to respiration and the resultant shift in 
cardiac position, to changes in skin resistance, and to errors in stand- 
ardization, one cannot analyze routine euxwes in minute detail. Hoaa'- 
CA'cr, a compai’ison of such an analysis Avith one of simultaneous cuiwes 
has convinced the author that little difficulty is usually experienced in 
assigning a proper name and time inteiwal to the sev'cral deflections. 
"Wliilc this technic leads to the terms “inverted Q, R, and S, and S-, 
rather than adding confusion to the analysis, the method really clarifies 
and explains the occurrence of bizarre complexes, especially in Lead IT, 
and carries us closer to the real significance of the slurring and notching 
Ave often see. 

Fig. 2, B, is a reproduction of a cim^e taken Avith simultaneous Leads 
I and n, and I and HI. This tracing in appearance has the character- 
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istics of GrToup A, It can be seen that lli + = R2; that E-i + 

“Eg” Eo. The first upward deflection in Lead III may be seen as a 
slurring and almost a notching at the base of E2. The explanation of 
this slurring then requires a studj’’ of the first upward deflection of Lead 
III, a wave which corresponds in time with the Q time phase of Lead I, 
and consequently is more tiTily an inverted Q3. Since this small wave in 
Lead III, an upright wave corresponding to the Q time interval in 
Lead I, has no knovai clinical significance, one can realiz;e why we have 
learned by experience that slurring near the isopotential line, as seen in 
Lead II, is of no diagnostic importance. The reduced height of E2, as 
compared with E^ and Eo, proves this complex to represent, at least 
in great part, the same electrical phenomenon. In general, the curves 
of Group A fell into this type and appear to be in a great part inversions 
of Lead III to form left axis deviation. Often Ihere was a slight second 
positive deflection in Lead III and freiiuent inversions of P3 and To, 
indicating entire inversions of this lead. Application of Einthoven’s 
principles to these curves, however, shows that the comjilexes do not 
always add. This is due to a slight phase difference of the E spikes. 
That is, the waves of Lead III do not represent ]irecisely the same time 
interval. Usually the inverted E3 lags behind E,, that is, it encroaches 
upon the S segment not only in its peak, but in a widening of the up- 
stroke. That the S time interval is only slightly represented, however, is 
evident in the absence of S2, for with Binthoven ’s rule one would expect 
an unopposed S3 to make evident an 82- This is precisely the case in the 
curves of Type D. A reproduction of another simultaneous curve (Pig. 
2 , C) demonstrates the effect of the S element in Lead III upon Lead II. 
In the present analysis of tracings, I have used the ])resence of S2 as 
distinct evidence of the presence of an important S element in the down- 
ward deflection of Lead III. At times the absence of So in the presence 
of S3 is entirely due to a slurring doAvn of E, with elevation above the 
base line during this time phase. When So appeared to represent the 
same phenomenon as S,, the curve was placed in Group A and not 
Group D. Proger and Minnich were unable to explain the presence and 
significance of S2. It appears from this analysis that the solution lies 
not in the explanation of So but in the explanation of S,. 

Of interest here, too, is an explanation of the notching of E2 in curves 
of Group B, especially when the second positive deflection is of great 
size (Pig. 2 , U) . The notching of the downstroke of E2, occurring in the 
S time interval, represents the effect of the electrical phenomenon 
describing the second positive deflection of Lead III. Similarlv in 
curves with a less prominent deflection in Lead III the downstroke of 
Ez appears as a slight thickening with irregularities identical with those 
of the wave in Load ITT. The QES width in Lead IT can be seen to be 
increased over that of Lead I to include this time interval. The same 
analysis holds for Lead IT and the upward deflection of Lead ITT in 
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cun-es of the “Qs” type, Tliis -wave occurs at the time interval corre- 
sponding to the second positive deflection in curves of Group B. Yet 
this Vf’ave, representing simultaneous and apparently comparable phe- 
nomena in each type of curve, is called II in one case and goes unnamed 
in the other. This wave, as will be seen presently, appears more char- 
acteristic of “ Qs ” types of curve than is the Q-wave itself. 

Further application of the above method of analysis to the Qg type of 
cuiwe described by Pardee discloses difficulties in intei’pretation. In 
none of the tracings of this type in the present series did “Q.-.” + Qi — 
Q 2 . “Qz,” ill a large part, occupied the time intemml of Eg, i-e., Ra 

equaled more closely + “Qg,” indicating that the so-called Qg in this 
type of curve represented more closely the time intei’val of R,^ than Qi 
or Qg. In many eases the donmstroke of "Qg” began in the Q^ time 
interval so that tlie "Qg” represented a wave occupying both the Q and 
R time intervals of Lead I. In these curves a Qg was always present un- 
less the upstroke of R^ included this interval with a positive potential. 
Others of the “Qg” type of curves appeared ideiitical with those of 
Group B and, in two eases, of Group A, except for the absence of the 
first small upward deflection in each instance. A review of the litera- 
ture indicates that Shookhoff and Douglas^® have also noted these 
changes. They have noted also that as Qg becomes larger, “Rg” becomes 
smaller, and “Sg” disappears; and the Rg corresponds in time to S, and 
represents the same ventricular activity, as I liave stated above. Fur- 
thermore, in normal electrocardiograms they found that a small Qg in- 
variably corresponded to Q^ .,„a g, indicating, with the above two types 
of “Qg,” three possible groups: (1) tho.se corre.sponding to Q, and Qg, 
(2) those corresponding to Qg and part of R,, and (3) those corre- 
sponding to Rg in time. I agree, therefore, noth the statement of 
Shookhoff and Doiiglas tiiat the tlicories of Lewis and Wilson relative 
to the inscription of the normal Q- may apply only in part to the Qg 
of Pardee. The Qg of Pardee can hardly represent always the electrical 
phenomena of a definite portion of the cardiac musculature. That it 
may represent occasionally an unusual degree or tj'pe of cardiac di.s- 
placement (rotation about the cardiac or bodily vertical axis) is evi- 
denced by the infrequency with which it is met in normal individuals. 
Of tj-pes of axis deviation due to cardiac displacement. Group A 
seems to represent that of minor degrees, Group D that of a more 
marked degree, then Group B, and lastly Group C (Pardee). The 
percentages of diseased patients in these groups arc 48.4 per cent, 
71 per cent, 72.5 per cent and 85 per cent, respectively. One would 
expect that, were such curve types possible in health and disease, the 
less frequently one occurred in health, the more frequently proportion- 
ately would it be found in disease, and that hypersthenic patients falling 
into Group A in health might, with cardiac hypertrophy, change to one 
of the other types. 
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The remaining two distinct types of curves represent configurations 
which I have not met in patients wfith obesity and the hypersthenic 
habitus except in the presence of disease. 

In Group E, a detemiination of the electrical angle of the R time 
interval indicates tlie presence of a positive angle, while that of the S 
time inteiwal, a negative angle. This group is not, in a true sense, left 
axis deviation even though the ma.ior defiection is upward in Lead I 
and downward in Lead III. The height of R-2 distingTiishes this fact 
at a glance. I have, however, included this group because of its re- 
semblance to left axis deviation and because it illustrates clearly the 
differentiation between a tine R- and a true S-wave in Lead III. This 
group always displayed an S2 which was smaller than S3, due in part 
to the fact that the inteiwal was sometimes above the isopotential line. 
In this group the major downward defiection was almost entirely S3, 
in contrast to Group D, in which the wave represents in part both R 
and S. 

One also notes that as the S-wave becomes more dominant, it is found 
in a higher percentage of patients who are diseased. In the present 
group 21 (86.4 per cent) of 23 patients were definitel}^ diseased. Of 
the remaining two. one had no clinical evidence of any type of cardio- 
vascular disease. The other, a woman aged sixty-two years, showed evi- 
dence of peripheral arteriosclerosis with trophic shin changes and had 
a persistent blood pressure of approximately 158/82 and mild dj’^spnea 
on exertion. However, no objective signs of cardiac disease could be 
elicited. 

In classifying this group care must be taken to rule out records with 
a prominent S,, whicli approaches but does not exceed R3. Those 
tracings in which S3 did not exceed R- in all phases of normal respira- 
tion were also excluded. S, was not noted in this group. Inverted Tj + 2, 
as noted in Fig. 1, E, occurred five times in this group. 

As with Group E, curves of the type of Group G were found in no 
normal patients of the hypersthenic habitus, and I am able to ascribe 
neither of these types to changes in cardiac position alone. Lead II 
of Group G shows an entire inversion of t!lie R time phase. Correspond- 
ingly the R and S phases of Lead III are downward. The apices of 
the major deflections in Leads II and III lag slightly behind the apex 
of R^. The initial upward deflections of Leads II and III correspond 
in time to Q„ and, in curves displaying Q^, plus Q3 was seen to 
equal Qa. Eight of the nine patients with this type of curve were defi- 
nitely diseased. The remaining patient was a twenty-two-year-old medical 
student whose history, physical examination, and roentgen ray study were 
, all negative for heart disease. 
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SUMMARY 

In 431 records showing the major deflection upward in Lead I and 
doYTiward in Lead III, the QRS configuration in 419 could he grouped 
into seven distinct types. While four of these types (A, B, C, D) appear 
to occur in various degrees and types of cardiac displacement, the 
frequency with which disease accompanies them varies greatly, especially 
with changes in the Q and S components. Other types of curves (E 
and G), apparently not related to cardiac displacement, appear much 
more frequently in diseased than in nonnal individuals. However, a 
larger series of these curves is necessary in order to evaluate them 
accurately. Group E does not rightfully fall into the gi'oup of left axis 
deviation. 
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ECTOPIC TACHYCARDIA, AURICULAR IN ORIGIN, OP 
UNUSUAL DURATION^= 

Hiram B. Weiss, M.D. and Johnson McGuire, M.D. 
Cincinnati, Ohio 

I T IS well Imown that the duration of paroxysmal auricular tachycardia 
is usually brief and is characterized b}^ an abrupt onset and sudden 
cessation. 

Recently we have had the opportunity of studying' two patients whose 
electrocardiograms are identical Avith tliosc considered characteristic of 
paroxysmal auricular tachycardia. In one of these patients a cardiac 
rate of approximate!}’ 140 per minute has been present nearly continu- 
ously for forty-three years; in the other patient a rate of 120 probably 
has persisted for ten years. 

Paroxj^smal auricular taehj'cardia ivas first described hy Bristou^^ in 
1888. In 1899 Bouveret- definitely separated paroxysmal tachycardia 
from the confused group of eases with simple sinus tachycardia. Vaquez^ 
stated that the term “paroxysmal” is somewhat “artificial,” as the 
“various attacks may be long or short; it is not its duration but the man- 
ner of evolution that should be considered.” The disorder may occur 
in apparently normal individuals or in those with diseased hearts. It 
is not ImoAvn whether liidden pathological lesions in the auricular 
musculature, abnormalities of the cardiac nerves, or lesions in the central 
nervous system initiate an attack. Usually there is an abrupt onset of 
tachycardia with regular beating of the heart (the rate is usually be- 
riveen 120 and 200). Some patients are able to carry on their occupa- 
tions, while others may be affected by precordial pain, anxiety, and 
dyspnea. In prolonged attacks, especially in patients ivith organic heart 
disease, congestive failure and occasionally death ensue. In the average 
ease, however, there is little dyspnea or discomfort in spite of the ex- 
tremely rapid heart rate. 

Lends,'* in discussing the duration of paroxysmal tachycardia, stated, 
“The attack, except in the very rarest instances, does not last beyond 
ten or fourteen days.” White** remarked tliat the duration of par- 
oxysmal auricular tachycardia was usually “a few seconds or a few 
minutes, sometimes occurring but once and sometimes repeatedly over a 
short space of time (a few days or Aveelis).” 

Wilson and Herrmann** reported a case of ectopic tachycardia with the 
history of accelerated pulse of fifteen months’ duration. Normal rhjdhm 
could be established for brief periods in this patient by digitalis adminis- 
tration and Amluntary increase of intraabdominal pressure. 

Speroni and Rey<* described a patient with an electrocardiogram 
demonstrating paroxysmal auricular tachycardia, who had suffered re- 

•From the Department of Internal Aledicine, University of Cincinnati. 
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peated attacks for twenty years. Autopsy showed the cause of death to 
be acute j-ellow atropJiy of the liver. There was also rheumatic heart 
disease. 

We have had the opportunity to observe two patients with auricular 
tachycardia of remarkable duration and have thought it worth while 
to describe these eases in some detail. 



REPORT or CASES 

Case 1. — Mr. A. A., ager] fifty-nine year.s, presented liimself May 22 , 1933, 
complaining of an old sacroiliac strain and discomfort in tlie right side of the 
abdomen. During the e.xamination he remarked that he had had rapid heart action 
for a number of years, but that he did not have any symptoms referable to his 
heart. He was leading an active business life and played golf frequently without 
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discomfort. On furtlier questioning it was ascertained that in 1893, at the age 
of nineteen years, following an attack of malaria, he developed a ''fast heart.” 
He recalled that his pulse rate was 132 at that time. Se was hept in bed for six 
months and was given digitalis part of the time, hut the rapid heart action continued 
at the same rate. 



Subsequently there wore no symptoms referable to the heart, but, after failing 
to pass a life insurance examination, lie consulted Dr. Alfred Priedlander of 
Gmcinnati, on January 29, 191G. The findings at that time showed the heart’size 
to be within normal limits, the rate was 132, and rhythm was regular The blond 

1919, the rate was 124. xi. 


Infarction of the posterior portion of tlie loft ventricle. 
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Poliowing the examinations in 1916 and 1919 he had felt well. There was no 
palpitation, precordial pain, or dy.spnea during the intervening years. He believed 
that the rapid heart rate had persi.sted continuously since its onset. 

Tlie examination on May 22, 1933, .showed that the patient was a stocky man of 
fifty-nine years, weighing 155 pounds and measuring 5 feet 4 % inches in height. 
The heart borders were 10 x 4 cm., R.S.D. 6 cm. The heart rate was 174, regular. 



no murmurs were lieard; A, was greater than P.. Blood pressure was 170/90. 
The chest was clear to percussion and au.seultation. The abdomen was soft; the 
liver edge was felt below the costal margin. The spleen was not felt. An eleetro- 
cardiognim was made May 22, 1933, and is reproduced in Pig. 1. It is characteristic 
of paroxj'smal auricular tachycardia, the rate ICO. A teleroentgenogram of the 
heart was normal. 

The patient was hospitalized and, while in the hospital, a horseshoe kidney was 
demonstrated mth evidence of infection in the urinary tract. There was also an 
obstruction, reported as characteristic of the stricture described by Hunner, in the 
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woman wlio did not appear to be ill. Sbe was sliglitly under her ideal weight. The 
temperature was 97° P., blood pressure 100/60, pulse 120. The physical examina- 
tion was essentially negative except for the presence of a soft systolic murmur 
at the apex of the lieart. There was no enlargement of the heart, and the rhythm 
was regular. The lungs were normal. The liver and the spleen were not felt. 



There was no edema of the ankles. A teleroentgenogram showed the heart to be of 
normal size and configuration. The ba.«al metabolic rate was -15 per cent. An 
electrocardiogram, Fig. 4, showed the characteri.stic evidence of parox 3 'smal auricular 
tachj'cardia, rate 120. 

The patient was asked to count her pulse at two-hour-intervals and to keep a 
record of the result.s. She was assured of the harmlessness of the eondition in the 
presence of a normal heart. 
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The rate persisted at approximately 120, save on the follo\^ing morning, when she 
counted the pulse at 76 immediately on awakening. In a few minutes the pulse 
returned to its usual rate of 120. 

Three weeks later one of us (J. MeG.) had the opportunity to see the patient. 
The pulse was 120 and regular. As she was leaving the city permanently that after- 
noon, she refused to have another electrocardiogram made. Subsequent efforts to 
secure information regarding the heart rate have been unsuccessful, but the patient 
has recently successfully gone through a pregnancy. 


DISCUSSION 

Two patients have been described with ectopic auricnlar tachycardia 
of many years’ duration. In neither case was there cardiac hypertrophy 
or etddence of myocardial insufficiency. In both patients the electro- 
cardiograms were identical with those universally considered character- 
istic of auricular paroxysmal tachycardia. 

Tachycardia, of sinus origin, with rates of 120 or over, rarelj’ is en- 
countered save in the presence of febrile illnesses, thyrotoxicosis, auricu- 
lar flutter, or neurocireulatoiy asthenia. The clinical and electrocardi-* 
ographic findings exclude any such factors in our cases. As to the in- 
fluence of normal sinus tachycardia of equivalent rate and duration 
upon cardiac function, clinical experience vdth cases of neurocireulatoiy 
asthenia perhaps affords the best basis for comparison. However, in 
such cases there is always relative slowing during sleep. The possibility 
of regular reversion to normal rhythm during sleep in our second case 
must, be considered. 

Certain conclusions seem obvious: (1) that cardiac rates of 150 or 
below are not dangerous per se, even when existing for years, in the 
presence of an otherwise normal heart; (2) that the term “paroxysmal 
auricular tachycardia” in the sense of transient cannot alwa 3 's be em- 
ployed accurately if the diagnosis is made from the electrocardiogram 
alone. 

SUJIilABY 

Two instances of ectopic auricular tachycardia of many jmars dura- 
tion have been described. 

As far as can be ascertained, these eases are unique. 

In neither patient was Ihere evidence of myocardial insufficiency as a 
result of the tachycardia. One of the patients developed a coronary 
occlusion associated with temporary slowing of the heart rate but sur- 
A-ived the attack despite the reappearance of tachycardia. . 
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CARDIODYNAMIC AND ELECTROCARDIOGRAPHIC CHANGES 

IN NORMAL PREGNANCY* 

Harry Landt, j\I.D., and Julien E. Benjamin, M.D. 
Cincinnati, Ohio 

M uch has been written about tbe heart in pregnancy. Most of the 
literature deals with the clinical aspects of tlie condition, and it is 
generally felt that patients Avith Class I and Class Ilf A cardiac condi- 
tions do well during the course of a pregnancy, and patients with II B 
and Class III cardiac conditions do poorly. MacKenzie,^ in his book, 
Heart Disease and Pregnancy, treats this .subject almost entirely 
from the clinical viewpoint and deals with it for the most part in gen- 
eralities. It Avas with the hope of establishing more definite criteria that 
tliis Avork Avas started. It soon became evident, hoAA’ever, that not enough 
AA'as knoAATi about the eardiocirculatory changes in the normal pregnant 
Avoman for any conclusion to be draAvn AA'ith respect to the changes in 
those pregnant women having lieart disease. Although isolated phases of 
this problem have been studied and reported, complete correlated cardio- 
djTiamic and electrocardiographic studies are lacking. 

Some of the more pertinent results reported Avith regard to the electro- 
cardiographic findings in pregnancy are as folloAvs: Jensen and 
Norgaard^ reported a tendency toAA'ard left axis deviation in the early 
months of pregnancy AAuth return toAAmrd the normal in the latter months 
of pregnane3^ Smith® reported a left axis deviation in the eighth month 
of pregnancj’’ Avith a return toAvard the normal just before delivery of 
the child. Konlri^ reported left axis deviation and T-Avave inversion in 
Lead III during the latter part of pregnancA^ AAoth retum to the normal 
after deliveiy. Carr and Palmer® reported tliat the axis shifted to the 
left during the first tAvo trimesters of pregnancy and then tended to shift 
to the right during the eighth and nintli month of pregnancy. Carr, 
Hamilton, and Palmer® in another paper stated that the development 
of a Qj Avas piubablj’- an indication of a transverse position of the heart 
during the course of the pregnancj’^ and not a reliable sign of heart dis- 
ease. Feldman and Hill" talcing electrocardiograms on thirty-six normal 
pregnant Avomen at the eighth and ninth months and comparing these 
AAoth electrocardiograms taken after deliveiy concurred Avith the above 
mentioned findings. 

NoAvhere in the literature could a studj' of the changes occurring in 
Lead IV during pregnanej’’ be found. 

There is even a greater lack of published correlated eardiodjmamic 
findings occurring during the coui*se of pregnancy. Runge® found that 

•From the Cardiov.'iseular Department, the Institute for Medical Research Jcwisli 
Hospital, Cincinnati, Ohio. 
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the venous pressure in a nongravid woman in the arm and leg was equal. 
During pregnancy tlie venous pressure in the leg was higher than that in 
tlie ulnar vein, and in the puerperium the venous pressure in the legs 
dropped far below the venous pressure in the median vein. Spitzer" con- 
cluded that the circulation time remained mthin the limits of high 
normal during the course of pregnancy in the normal woman. Alward 
taking vital capacities on standing patients reported a gradual reduction 
during the last month of pregnancy mth a gradual return to normal 
limits at the tenth day of the puerperium. Stander and Oadden^^ found 
a steady increase in the cardiac output from the fourth month of preg- 
nanc}’" amounting to over 50 per cent of the normal value as the preg- 
nancy advanced, with a return to the normal bj’’ the third week of the 
puerperium. 

The reason for the lack of correlated data with regard to the cardio- 
circulatory changes during the course of pregnancy becomes ob^dous 
when viewed in the light of our experience. Forty-four normal preg- 
nant women were studied. 

With every possible effort we were able to complete our observations in 
only nineteen cases. Examinations of some patients were discontinued 
because of development of uruie abnormalities or marked varicosities. 
Others refused to return after four to six months of observation because 
of the rather arduous nature of the examination. We fomid it almost 
impossible to obtain patients in the first and second months of preg- 
nancy. This lack of control observation was negated by the performance 
of a follow-up examination on the patients six to eight weeks after their 
delivery. 

METHOD OP PROCEDURE 

Patients were seen as early as possible during tlie course of tlieir pregnancy. None 
was taken for examination after the fourth month. All women selected were normal. 
Patients who had, or who developed, positive serologj', abnormal urinary findings, or 
abnormal blood findings were excluded. 

At the time of first examination a complete Iiistory, physical examination, and an 
x-ray film of the chest were taken. A record was made of the pulse rate, respiratory 
rate, and blood pressure. Then, a four-lead electrocardiogram was obtained, and 
vital capacity, intravenous pressure, and circulation time wore measured. Care was 
taken to have the patient rest for thirty minutes before the procedures were started, 
and the intravenous pressure and circulation time were measured in the order named 
at the end of the examination so as not to influence the other cardiodjuiamie findings. 

Lateral and anterior x-ray pictures of the chest were taken at the time of deep 
inspiration in order to rule out, as far as possible, apparent enlargement of the heart 
due to a transverse position of the organ. The pulse rate, respiratory rate, blood 
pressure, and vital capacity examinations were recorded with the patient in a sitting 
position, this being a compromise between the supine and standing positions. 

The fourtli lead of the four-lead electrocardiograms was taken with the right- 
arm electrode placed in the fourth interspace just to the left of the sternum and 
mth the left arm electrode placed on the left leg. The authors agree with Katz and 
Landtis that the fourth left intercostal .space should be the site of choice for the 
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rlrht-nrrii dectru-ic be.tiusc of the variability of the location of the apex of the heart 
ir ViiiTerea: pritienf5. Furthermore, it can readily be seen that an apical fourth lead 
i-V’tn>-irdio'n-ani would fend to nejrate any findings with regard to axis shift as the 
t.rcxne.n-v advanced. Lilrewise, we feel that the left leg should be the site of choice 
far^h.-' h-ft arm electrode or indifferent electrode because, as IVilson and his asso- 
cia.t.'~w !n.ve shown, tlio fourth lead of the electrocardiogram is not appreciably 
al!erf.l hv thi« nieihod. The above mentioned po.dfioiis of the electrode for the fourth 
are of distinct advantage inasmuch as respiration will not tend to cause a slip- 
oane of the elect rodes as is encountered when the anteroposterior chest technic is used. 
The intravenous pressures were taken after the method of Griffith, Chamberlain, and 
Kitchdl.is Tiic region of the right cubital vein was anesthetized with 1 per cent 
prwaiae solution so as to obviate the pain and the consequent reflex reaction of the 
circulatoiw svsfom produced by the injection of the manometer needle. The intra* 
venous jiressure,-; were measured with the manometer needle in the cubital vein with 
tho prstient in .n liorizontid jiosition, care being taken to level the vein and the 
manomefer rero reading with flie mid.axillary line. The midaxillary line is usually 
ac.-epted as being at fiie level of the right auricle. After the completion of this 
procedure tin* manometer was disconnected from the needle, and a .syringe contain- 
ing .") l•.e.. of deeholin Avas attached to the needle. This was injected rapidly, and 
by means of a stoji wafeh the elapsed time was noted for the appearance of a reaction 
in the form of a liitter taste in the patient’s mouth. The reactions were clear-cut 
and the grimace of the ptitient, the signal agreed upon, immediately marked the ap- 
peaninee of the hitter lasfo. We used deeholin because we wished to correlate our 
Avork AA-itli tliat of b'jtif zor,’' avIio originally im-estigated this phase of the problem. 

Ktieh ]);itieiit was seen sit monthly interAiils following the initial examination and 
the previously deseriited jiroeoduves Averc ciirried out except for the x-ray examina- 
tions which Avern made tit tlie time of the initial visit; at the .scA-enth to eighth month 
t>f ptognancy and six to eight weeks postpartum, A complete check e.xamination was 
done six to eight Aveeks following the delivcrj-. These patients also receh’ed monthly 
examinations in the }irenatal clinic, and thus Ave Avere furni.shed Avith additional 
eviihm.'o as to the enndition of (he indiA’idual. 


OBSEItVATlOKS 

//i.c/ory.— T!ie ttges of tlie nineteen patients studied ranged from 
seventeen to thirty years. None of them had been seriously ill during 
tsutir livo.s, and tlieir ptt.st histories were relatively unimpoi'tant. They 
.'til had laid disease.^ of cliildhood, hut none tvas left with any residuals. 
Pat itrg the course of their pregnancies no untoward complaints were 
registered. Tivory one of them stated that from about the fourth month 
on they noticed {irogressive tiredne.ss and ])rogre.ssive shortne.ss of breath 
<*n oxerlinn. All of tlie patients developed urinary frequency and 
noeiiiria oi otic to iliroe times per evening from about the fourth month 
m pregnnney until lime of delivery. We were inclined to view the 
tr.ouenl voiding in the liglil of a decreased bladder capacitv as a re.sult 
.0 cmnpivssimi by tli.^ ciilarginj, sterns. Later in this article we present 
evidence which s .oAvs that a burden is placed on the cardiocirculatorv 
sy-.tern by the advancing pregnancy which in the normal case is com^ 
pensa.od tor by the physiological readju.slment of that and allied sys- 
..-neo ^^e. . auviorc. agree with the fundamental concept of MacKenzie,’ 
.Anah would evjdam the .symptoms re.siilting from exercise as hein- the 
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effect of anotJier burden superimposed on a system ^vliicli had ]}cen worlc- 
ing to the maximum of its functional reserve. From the seventh month 
of pregnancy until time of deliveiy, six of the patients gave a histor.v 
of slight edema of the ankles toward the close of the day. Tiiis edema 
did not appear unless the i^atient was on lier feet for a long period of 
time (six to eight hours) and was interpreted by us as being tiic result of 
uterine pressure on the common iliac veins. 

Physical Examination . — TJie changes produced by the advance in preg- 
nancy were of particular interest as evidenced by the physical findings. 
In all of the nineteen cases there was a progre.ssive increase in accessibil- 
ity of the right ventricle as noted by palpation over the precordium. 
Associated with this observation was the fact that, as the pregnancy ad- 
vanced, the pulmonic second sound became progressively more distinct 
and the aortic second sound diminished in intensity. Actual statistics of 
our* cases show that the pulmonic second sound became much louder than 
the aortic second sound in the majority of cases (fifteen), slightly more 
distinct in three eases, and equal to the aortic second sound in one case. 
The above findings had their inception about the fourth month of preg- 
nancy, became more manifest until tlie seventh montli, and tlien re- 
mained stationary or decreased slightly until time of delivery. 

The increased inteirsity of the pulmonic .second sound could be ex- 
pected in view of the increased accessibility of the riglit ventricle to 
palpation and our x-ray evidence of the encroachment of tlie riglit 
ventricle on the anterior clear space. That the increased pulmonic sec- 
ond sound was not due to increased pressure in the lesser circulation can 
be indirectly inferred from the intravenous pressures obtained which 
.showed no elevation. The decreased aortic second sound is easib* under- 
stood when one views the droi) in blood pressure associated with the 
advancing pregnancy. 

A systolic murmur was heard over the base of the heart and was 
localized over the pulmonic area in fourteen of the cases. It was usually 
first heard in the third to the fourth month, became progre.ssively louder 
until the seventh to eighth month, and then remained stationary or 
decreased slightly in intensity until time of delivery. At the time of 
post-partmn examination the .systolic murmur, like the other cardiac 
abnormalities, had disappeared. Two eases developed a .split second 
sound at the base during their pregnancy. In the nineteen cases studied, 
no murmurs were heard at the apex. One ease (IMrs. B. C., No. 20) had 
a palpable thrill accompanying the systolic murmur at the base. The 
origin of the systolic murmur at the base is not nell undeistood. I he 
fact that it tended to disappear with deep insj)}ration may point to a 
kinking of the pulmonic artery as a causative factor, the Icinking being 
relieved by the. descent of the heart witli tlie diaphragm on dee]i insi>ira- 
tion. On' the other hand, the systolic murmur at the base may be of 
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r>rdinrrsoiralorv origin. This last interpretation does not explain the 
puhiwiikihriU found in one of the cases reported and two others not 

indiKk-d in this series. 

Tahlo I condenses ihc.se findings. 
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Blood Pressure . — If one ean consider tlie final blood pressure taken, at 
the time of follow-up examination, six to eight weeks following delivery, 
as being liic tiverage normal, it will be noted that the systolic pressures 
fall in a linear fashion during the first four months of pregnancy. The 
average fall for nineteen cases was 33 mm. of mercury. The same is true 
of the diastolic pressures, the average fall for the nineteen cases during 
the first four months of pregntincy being 17 mm. of mercury. From the 
fifth to Die .seventh months of pregnancy the average .systolic and 
diastolic }>rcssures do not change appi-cciably. From the seventh to the 
hfginniiig of the ninth month there is a slight but definite rise as shown 
by the average sy.slolie and diastolic pre.ssures. At the time of po.st- 
iiarfum examination the average systolic pressure had risen 31 mm. 
nu'i'miry and tlic average dia.stolic 14 mm. mercury. If one scrutinizes 
Die data, one will find that the trend of both .sy.stolie and dia.stolic pres- 
sure in each individual case absolutely ])avallels the re])oi’ted average 
trend. A definite explanation for the lowered systolic and diastolic 
]U'e.ssure.s during the height of Die pregnancy ean he found if one lakes 
into account Die (•nonnous blood reservoir created in tlie pregnant uterus 
ruid compares this condition to cases in whiclx slight degrees of splanchnic 
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dilatation occur. A\]icn tlie process of ligliteiiiiig occurs, the Idooti 
reservoir is decreased as a result of pressure exerted by tlie confines of 
the pelvis, the rise in systolic and diastolic pressures during tlie eightli 
and ninth months being proportioned to this dynamic effect. WJion the 
uterus is emptied, the blood reservoir disappears with the delivery of the 
placenta and six to eight weeks post partimi the pressure is again at tlie 
norm. 

Pulse and Respiraiory Ratcs.~The pulse and respiratory rates gradu- 
ally increase until the seventh montli of pregnancy. Fj-oiii tlie seventh 
to the eighth month the pulse rate continues to rise, while the respiratory 



Fig. 1.— Graphic representation of s.v.?tolic .and diastolic blood prossuro.s, pulse rales, 
and respiration rate.s through the months of pregnancy. 

rate levels off. From the eighth month the trend of both rates is sharply 
downward until at the time of examination after delivery the average 
pulse rate was 72 per minute and the average respiratory rate IG per 
minute. The trend of the pulse rate and the respiratory rate is an inde.x 
of an attempt to compensate for an embarra.sscd circulation, llie trend 
of these two rates again fits in with the picture seen in slight degrees 
of splanchnic dilatation. 

Figure 1 graphically illustrates the trends of the systolic and diastolic 
pressures and the pulse rate and respiratory rate during the cmn-sc os 
pregnane}’. 
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Intravenous Pressures . — ^In genei’al, intravenous pressures had a tend- 
ency to start at a fairly higli level (80 to 100 cm. of water) in the early 
montlis of pregnancy, then decrease until about the sixth to the seventh 
month and then increase until the time of final examination. Frequently 
they did not return to the level of the previous highest pressure and in 
three women remained at the level found during the ninth month. From 
the data one is justified in stating that in tlie majority of cases the 
intravenous pressures are at their lowest about the sixth to the seventh 
month. The range of the intravenous pressures in all eases did not 
exceed 48 to 110 cm. of water. If the initial venous pressure was high, 
the drop during the si.xtli to the seventh month did not reach the low 
levels found at the same period in those eases starting with a i-elativelj" 
low initial intravenous pressure. Thus we see that the intravenous 
])rc.ssures fall Awthin the high normal ranges (40 to 140 cm. of water), 
e.stahlished by George C. Griffith and his associates,’'^ who used the same 
technic. The tendency of the intravenous pressures to drop during the 
middle month of the pregnancy seems to coincide with the drop in blood 
pressures. The tendency toward a slight rise in the intravenous pres- 
sures from the seventh to the ninth month also roughly parallels the 
absolute treiid of the blood pressures. However, the trend of the 
intravenous pressures throughout pregnancy is not nearly as definite 
as that of the blood pressures. Again one can see the phenomenon of the 
changing volume of a large blood reservoir mirrored to some extent in 
the intravenous pressure findings. 

Circulation Time . — The circulation time ranged from nine to sixteen 
seconds in the nineteen cases studied. The majority of patients ranged 
from ten to fourteen seconds. There was no definite trend throughoiit 
tlie coTirse of pregnancy. These findings agree Avith Avork of Spitzer® and 
fall Avithin the limits of normal. We feel that the relatively stationary 
circulation time is a resultant of the previously mentioned trends of 
blood pre.ssui'c, intraA'enous pressure, pulse rate, re.spiratory rate, and 
cardiac output. It has Ijcen slioAvn by Stander and f'adden” that from 
the fourth montli of pregnancy to full term there is a steady increase in 
eai’diac output, amounting to about 50 per cent of the nonnal. This in- 
crease in cardiac output again fits into tiie picture and may fully be 
accounted for l)y the increase in pulse rate Avithout pre.supposing an 
a.ssociatcd enlargement of tlie ventricles. 

\iial Capacity . — On the AA'hole, tlie A'ital capacities on successiA'c 
months did not shoAv any definite trend during the course of pi'cgnancy. 
To be sure, there Avas a monthly A’ariation of 100 to 200 c.c. and in some 
few isolated in.stances there Avas a deviation of as much as 300 c.c. from 
the preceding month. These A'ariations Ai'ere in the nature of an increase 
or a decrease irom the mean. For the most part, the monthh* A’ariations 
in the A-ital capacitie.s Avere not in oxce.ss of Avhat one finds in a normal 
liei’son from day to day. 
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At first Ave Avere of the opinion that the vital capacity of a patient 
Avould increase as the pregnancy adA'aneed. Recalling Hoover ’s’ Avork 
Avith regard to diaphragmatic excursions aa'C expected tliis since the dome 
of the diaplii’agm is greatly elevated during the course of pregnancy. 
HoAA’ever, there is a marked increase in the intra-abdominal pressure. 
Therefore, any given Antal capacity must be vicAved as a resultant of 
these contracting forces. Increase or decrease of the vital capacity de- 
pends on AAdiich force is in ascendancy. This is in turn modified 1)y tlic 
patient’s position. From clinical and x-ray evidence there can be no 
doubt that the residual capacity of the lungs is greatly diminished. 

X-ray Examination of Chest. — The anterior vicAv of the chest shoAved 
elevation of the diaphragm from tlie fourtli month on. It miLst be 
realized that the x-ray examinations of the cliest Avere done at the height 
of a deep inspiration. These silhouettes sIioaa* tliat during the middle 
months of pregnancy the diaphragm on both sides Avas elevated on an 
average of 2 cm., aboAm the normal. At this time the oblique and trans- 
Amrse diameters of the heart slioAA’ed a 0.5 cm. to 1 cm. increase over the 
normal size. 

The corresponding lateral vieAvs, even at the time of deep inspiration, 
shoAved some degree of encroachment on the anterior clear space by the 
right ventricle. The average increase of the anteroposterior diameter 
of the heart in the nineteen cases studied during tlie middle months of 
pregnane}'- Avas about 1 cm., over tlie normal. 

As the pregnancy advanced, the heart AA'as pushed upAvard and for- 
AA'ard. This AAns to be expected Avhen one recalls that the heart rests for 
the most part on the left anterior .slope of the diaphragm. X-ray 
silhouettes taken Avith the patient holding her breath in midtidal rc.spira- 
tion shoAved a marked elevation of the diaphragm and a defniite en- 
croachment of the right ventricle on the anterior clear .space. It is our 
opinion that the small increases noted in the various diametei's of the 
heart during deep inspiration cannot be interpreted as being the result 
of the cardiac enlargement. We feel that they are an expression of a 
more transverse position of this organ os a result of the average dia- 
phragmatic elevation of 2 cm., encountered at this time. This elevation 
of tlfc diaphragm agreed AAnth the re.sults of Hynomann,’' aa'Iio found 
that during the early part of the third trimester the riglit side of the 
diaphragm aavos elcA'atcd on the aA’crage of 2 cm. and the left side of the 
diaphragm on an average of 2.1 cm. He also noted that the heart bad as- 
sumed a more transA'crsc position at this time. 

In addition to these x-ray findings and their interpretation, our con- 
tention that the heart is not enlarged during pregnancy is furtlicr sup- 
ported by the fact that a searching revicAV of our cardiodynamic findings 
failed to ^-iA’C any eAudence Avhieli a priori AA'ouId demand cardiac enlarge- 
ment for its explanation. In the fiirt place the blood preasures. systolic 
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and diastolic, fall during the course of the pregnancy. The intravenous 
pressures, although I’emaining within the I'ange of the normal, show a 
tendency to decrease. The rapid pulse rale precludes any increased 
filling of the heart per beat. "We have pointed out that the increased 
cardiac output can ho definitel.v explained on tlte basis of increa.sed pulse 
rate. Fitially. it can be inferred tliat there is no increase in the lesser 
circulation ])re.ssure, both from the reported intravenous pressures and 
from the fact that the magnitude of the decreased residual capacity of 
the lungs does not approach that nece.ssary to cause an increase in the 
lesser ciivulation pre.ssure. 

Th( EIccirocnrdiofjraphic Chaiujes . — The electrocardiograms of the 19 
cases comprising this study can be divided into several groups. The 
types for the most part depend on characteristic or lack of characteristic 
changes in Lead III. When one views the records, one will find that for 
I>ractical purposes Leads I and 11 remain unclianged throughout the 
cour.se of jn-cgnancy. From the po.sition of the “])ick up” electrodes 
with regard to the shifting heail, it can be readily understood why Leads 



1 and 11 lend to remain constant and why Leads III and IV show varia- 
tions during the ])eriod of pregnancy. 

Four cases may be automatically placed in Group 1. They showed no 
ap])]-cciable changes with regard to P oi- QK8 deflections throughout the 
cou)se of the pj’egnancy. They did show a definite inversion of the 
T-wave which became apparent at any lime from the foui'th to the nintli 
month, which changed from month to month, and which became defi- 
nitely ])Osilive at the time of the final examination. (Cases 2, 8, 17, and 
19.) Case 19 shows a series of electrocardiograms characteristic of this 
grouj) (Fig. 2). 

Group II is com])osed of 12 cases. In general, those eases may be 
deserihed as showing a tendency towai-d left axis shift (or actually sliow- 
ing a definite left axis shift ). 

For jiurposcs of clarity it is neee.ssary to fuilher divide Group II into 
tlirce subgroujis. In Grouj) II A there Avere .six cases (Cases 3, 7, 12, 21, 
23, and 27 i who.se electrocardiograms in Lead III primarily .showed a 
decrea.se in voltage of tht' QR8 complex (Fig. 3). This group showed 
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an attendant slurring: of tlie QRS complex in some instances (T’ases t], 7. 
23, and 27), and the development of an “ironed out'’ or inverted T-ivave 
in all six cases. Two of the six cases (Cases 23 and 27) sliowed a small 
Q-wave at the time when the voltage was lowest (Fig. 4). 

Case 3, which is typical of this group, lends further supjiort to the be- 
lief tliat in this study a progressive lov'cring of the voltage is the fii-st 
stage of a definite axis shift. At the eighth month when the QRS was at 
its lowest voltage and markedly slurred, a forced expiration which lifted 
the diaphragm higher, i:>roduced a definite inverted QRS complex in 
which the R-wave Avas absent (Fig. 5), 



Group II B is composed of the remaining six ea.'^es. Tlu'se cases pre- 
sent electrocardiograms that show definite left axis .shill. I hit*c of these 
cases (Cases 15, 18, and 22) developed the IC-type of wave which in the 
early months of pregnancy apiiearod as a normal QRS complo.x with a 
small hut definite Q- and S-wave. Case 15 demonstrated this ty])e of 
change. All three cases presented a fiatt cuing or inversion of the T-Avave 
some time during the course of tlie j'regnancA . and shilling oi the t^RS 
complex (Fig. 6). 

The other three ca.ses (Ca.ses 1. 20, and 24) showed the development 
of a- left axis shift during the course of the pregnancy. All three of 
these had slurring of the QRS complex and two (Cases 1 and 24) show 
the usual alteration in the T-Avavc (Fig. 7). 
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Group III is composed of two cases (Cases 10 and 29} wliieli are dis- 
tinctlv difiei'cnt from tlic rest. In tlic earlier montlis of pregnancy tire 
QKS complex had a diphasic character with the initial Q deflection, al- 
though small, being larger than the K deflection. As pregnancy ad- 
vanced. the voltage increased and the R deflection became larger than the 
Q until the eighth month of pregnancy, when the original Q deflection 
was i-epresented by an upstroke of the R deflection, At the time of final 
examiiiation the QRS complex was again diphasic, the Q being larger 
than the R. Both of these cases show the u.sual T-wave changes (Fig. 8) . 

Group IV was created becarrse the final case (Case 2) could not be 
placed in any of the preceding groups. Lead III did not change ap- 
preciably throughout the pregnancy. The P-wave was inverted through- 
out the study. The initial deflection of the QRS complex was small and 



upright. The major deflection was down and inverted. Actually the 
QRS complex was diphasic, but it presented the picture of a definite 
pennanent left axis shift. 

The T-wave went througli the usual changes and at the time of final 
examination it was diphasic in character. As far as we could ascertain, 
the patient did not have any heart disease and was perfectly normal 
(Fig. 9). 

In all of the nineteen cases definite changes were noted throughout the 
course of pregnancy in Lead TV. For the most part these were shomi 
by the shifting of the S-T segment, Avhich had a tendency to change from 
a Jicgativc take-olf to an isoelectric take-off and by the T-wave, which 
became diphasic in some instance.s, even upright and positive. The QRS 
complex frequently changed in amplitude during the course of the preg- 
nancy. Quite frequently the initial Q deflection became smaller. Sev- 
eral of the cases showed definite .slurring of the QRS complex. Cases 7, 
19, and 21 showed tho.se changes (Fig. 10). 
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The electroeardiograpliic changes can he explained for the most part 
on the basis of a left axis sliift. Einthoven and his coworkers'’* hare 
showni that the transverse position of the heart at the end of expiration 
is associated vdth a tendency toward, or with an actual left axis devia- 
tion as noted in a standard three-lead elect rocardiograin. Cohn and Rais- 
beck''* have also shown that the left axis deviation in the electrocardio- 
gram is associated with a greater transverse position of tlie heart and 
that right axis deviation tends to occur as the position of the heart be- 
comes more vertical. Smith, ^ Konki,' Jensen and Norgaard,* Carr and 



Fig-, s. 



PalraerJ and Peldinan and Hill,' from tlieir studies of the conventional 
three-lead electrocardiogram taken of pregnant women, came to the con- 
clusion that the clianges observed are the result of left, axi.s deviation. 
Feldman and Hill studied electrocardiograms taken at the eighth and 


ninth months of pregnancy and shortly after delivery. 1 hey did not 


have the opportunity of studyin 
true of Carr and Palmer, who, 


g more com] Jet e records. Tiie same was 
in their article make a plea for a more 


comprehensive electrocardiographic study of the normal pregnant 


woman throughout the entire term of pregnancy. 

Just why only four of our cases showed T-wave chamres during the 
course of pregnancy is not undei*standable. TT(u\(uei. our finding> aie 
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in accord with those of Feldman and Hill, who report T, inversions in 
only four of their thirty-six cases. We feel that the reason_ for the 
electrocardiographic changes noted in all of our cases is definitely the 
result of monthly examination. It might be postulated that the one case 
that showed a complete left axis delation throughout the period of preg- 
nancy and at time of final examination belonged in the group showing 



Fis. 10. 


Tj changes because tiie records did show slight changes in the T-wave in 
Load III. It is our belief tliat tlic development of a Q-wave of variou-s 
magnitudes during the course of the pregnancy is notliing more than an 
expression of a left axis .slu'ft, and we concur in tliis belief with Carr, 
Hamilton, and Palmer.*’ Surely our records cannot be interpreted on 
any other basis. 

The changes noted in Lead IV (S-T and T-wave changes) have already 
been commented upon. They are of importance bceanse of their 
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constancy. There were further changes noted with regal’d to tlie I’ela- 
tionship of the amplitude of tiie Q- and R-waves wiiicii could not lie in- 
terpreted because of their inconstancy. 

It has been stated by several observers that changes, especially the 
slurring encountered in the electrocardiogram of the pregnant woman, 
are the result of toxemia, Jensen and Norgaard felt that the electro- 
cardiographic changes in the pregnant woman were due to the alternat- 
ing hypertrophy of the ventricles. We can show definitely that these 
two opinions are erroneous. In the first place these two statements are 
highl}^ improbable Avhen viewed in the light of clinieal and cardio- 
dynainic findings of these nineteen normal pregnant women. In the 
second place, time after time when the third lead showed maximum 
changes, a normal third lead could be obtained by making the patient 
take a maximum inspiration. The following record (Fig. 11) illustrates 
this and renders untenable an organic explanation for the electro- 
cardiographic changes seen during the course of a normal pregnancy 
(Case 27, Lead III, at ninth month). 

Table II summarizes the nineteen ease histories. 


j ; -• ' ■ 3 

£yp/A?/ir/o/^ , j Foiscco Ir/SP/BBnof^ 


Fier. 11. 


SUMMARY 

Nineteen normal pregnant women were studied througliout. the course 
of their pregnancy, and the final examinations were made f)’om six to 
eight weeks after delivery. The study included the cori’olation of clini- 
cal, cardiodjmamic and electrocardiographic findings during the ])eriod 
of pregnancj' and puerjieriiim. The final examination, ai>i.>roximafeIy 
two months after delivery, was taken as the control for each case. 

The correlation of the.se finding.s led us to the following conclusions; 

1. Pregnancy definitely places a burden on the cardiocirculntory sy.s- 
tem. 

2. In the normal woman this burden is of the magnitmle that can he 
compensated for by calling on the reserve capacity of this system. 

3. The method of compensation for the increased burden is both 
mechanical and physiological in nature. 

4. The. electrocardiographic changes observed during the course of 
pregnancy may be definitely interpreted on the lia.s’is oi inc<‘hanieal 

ing of the heart. 
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5. This shifting of the heart produces a left axis deviation in the 
electrocardiogram of the majority of tlie patients studied. 

6. The noimal Moman who does not develop any untoward signs or 
symptoms during the course of pregnancy shows normal clinical, cardio- 
djmamiCj and electrocardiographic findings six to eight wcek.s ■ after 
delivery. 

Grateful appreciation is aeknowledged to the following; John Oldhanj, for 
technical assistance, and the American Rod Cross, whose aid made this .studi' possiWe. 
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IDIOPATHIC HYPERTEOPHY OF THE HEART WITH 
ENDOCARDIAL FIBROSIS^ 

Report of Two Cases 

George S. ALvhok, M.D. 

NASH^^LLE, TeXX. 

T DTOPATHIC liypertroph.v of tlie m.voeardium has long been the con- 
t ventional term for classifying eases of enlargement of the heart in 
infants and young children for which no clinical or pathological basis 
could be found. 

Tile idiopathic hypertrophies have tiieir chief clinical features in 
common, but these features are not ab.solutely distinctive for the group. 
Although it has been reported in the newborn and in patients as old 
as four and one-half years, the average age at recognition is fourteen 
months. Cases of apparently the same condition have been reported in 
adults,’® but it is not yet definitely settled whether these represent an 
idiojiathie hypertrophy which was pre.sent since infancy or one Avhieh 
arose later in life. It is usual for the mother’s prenatal history and the 
infant’s postnatal history to be negative for infections or other condi- 
tions of possible etiological significance, although it is frequently noted 
that the child was ’‘puny’' or developed pooi’ly from time of birth. The 
onset of heart symptoms is usually rapid and may be attended by fever; 
so that uhen the child is fii'st seen, the case is frequently diagnosed as an 
acute infection, usually pneumonia, less often, pericardial effusion. The 
course lends rapidly to death, which may occur as quickly as an hour 
or two after the fir.st symptoms are noticed. The three cardinal findings 
in these patients arc cyanosis, dyspnea, and tachycardia. Moderate 
anemia has been found when the blood was examined and is now con- 
sidered p.nt of the clinical jnctui’c. Edema and heart murmuns are 
notably infrequent. 11 must be emphasized that very frequentlv physi- 
cal examination of these patients fails to reveal an enlargement of the 
heart although the enlargement is shown to be considerable both by 
x-ray and by autop.sy examination. Electrocardiography has not been 
con.sistcnt or informative in the few cases in which it has been done. 

Many hypothesc.s have been offered to ox])lain the condition of “idio- 
pathic hypertrophy of the heart ” i„ i„fa„t.s. hut none is yet accepted as 
satistnetoi^. The probabililie.s are that the “idiopathic hypertrophies” 
^ group: that none of the heart eases are truly idio- 

♦F,-... tar n..rr.rtn...nt Of I...taolo^y. VsnOr-rhiU r'nivr-r.Uy M.-OlcU Sc-hort 
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patliic; and that eventually they will be siibclassilicd in difterent etio- 
logical .snbgioups in spite of the clinical features held in eomnioii. A 
stait ill the subclassification according to etiology lias been made by the 
recognition of glycogenic infiltration of the muscle fibers as the liasis for 
the enlargement in some casesd-*’ 

Kugel and Stoloff’ in 1933 reported a thorough search of the literature 
by wliieh they collected fifty-two previously reported cases of “idio- 
patMc h:^T3ertrophy of the heart” in infants. To this number they 
added seven of their oivn, the fourth of which had been jircviously de- 
scribed in a paper by Stoloffd Since the report by Kugel and Stolofc, 
sixteen more cases have been reported in the available literature. Four 
were without benefit of autopsy (Filippi^: Dufourl'*; Debre and Brocay 
second case; Wilkinson,*^ first case); six did not show any changes in 
the heart associated with the hyiiertropliy (Wilkinson/’ second case; 
Blechman, Deberdt and Azoulay": Ellis'*; Debric. IMarie and Bernard®; 
Debre and Broca." finst ease; Elizalde*®); of the remaining six, three 
showed associated endocardial and myocardial changes (Levine,” Kenny 
and Sanes^®), one showed coarctation of the aorta alone (Root”), and 
two presented extensive infiltration of the muscle fibers by glycogen 
(Antopol, Heilbrun and Tuchman”; Pompe’")- K fo he noted that 
Levine’s ease*'^’- presented both endocardial fibrosis and coarctation of the 
aorta. Of the sixty-three autojisied eases of so-called '‘idiopathic 
hypertrophy” reported to date, twent.y-two have shomi. in addition 
to the cardiac enlargement, endocardial fibrosis and myocardial degen- 
erative-infiltrative changes, the endocardial and myocardial changes 
occurring either singly or in combination, and being the ‘‘simple cardiac 
defects” most frequently found a.ssoeiatcd "with the hypertrophy. 

In view of the relative rarity of the condition it seems well to report 
two eases of “idiopathic hypertrophy of the heart” which were en- 
countered within a year’s time on the routine autop.sy service ot \nndcr- 
bilt University Ho.spital. 


REPORT OF CASE.S 

Case 1. — The ijatient, a tlur(een-iuontli-oId, wlu'te ft’iiiale infant, was horn 
normally at full term, free from congenital defect?, gained weight, developed 
normally, and wa.s well until the onset of the present illness seven weeks prior to ad- 
mission. At that time she contracted a "'cold, ■■ ami several days later iiad high 
fever, vomited several times, and seemed quite ill. The local attending phvsieian 
diagnosed the condition as pneumonia. Her improvement was slow, She continued 
to breathe fast and to be very restlcs.®, but took her feedings well. IIuri«ig the 
period of improvement she coughed a great deal and vomited occasionaliv , but no 
fever wa.s noted. Three dny.<i prior to admission there developed generaiir.e^l edema 
and some swelling of the abdomen, oliguria, and occasional attack.- of ov’ano-is. 
On admission the temperature was 101 *= R, police 1-M, respimtion 74, ami Idood 
pressure lOO/SO. 

Examination revealed a thirteen-month-old, wlu'te fennale infant acutely ill. There 
was generalized edema, including the face and hands. The nail were ey.anotie, 
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respiration rapid and labored. The neck veins were distended, and the peripheral 
pulse was feeble. Phy.«ical examination and x-niy film of the chest revealed enlarge- 
ment of the heart to the left, and other signs suggested pericardial effusion. Exam- 
ination of the lungs revealed nothing remarkable. The liver was enlarged nearly 

to the umbilicus; the spleen was palpable. 

On the .strength of the physical finding.s and the x-ray confirmation, an attempt 
was made to lap the pericardium. There was obtained 1 c.c. of bloody fluid fol- 
lowed bv % c.c. of light straw-colored fluid. The heart was tlion felt beating against 
the point of the needle and the procedure was discontinued. In the late afternoon of 
the .‘^econd day, after thirty-six hours of extreme oliguria, she was given 40 c.c. 
of JO per cent glucose solution intravenously, and subsequently voided fairly large 
amounts t>f urine, and the generalized edema diminished noticeably. Her respiratory 
distre.'^s, however, grew increasingly severe in spite of oxygen tent and stimulants^ 
the temperature rose to lOo-lOfi” F. ; and on the morning of the third day in the 
hospital the lung# filled with moisture, and the patient died. 

Urinalysis showed albumin, a few hyaline and cellular easts, and many colon 
bacilli. The red blood cell count was .J, 740, 000 with 10 gm. of hemoglobin. The 
total white count was 0,750 with 72 per cent polymorphonuclear.s. The blood 
Was.^ermann te.-'t was negative. The blood culture was sterile. Tlie total .serum 
protein was 5.20, with albumin J.J, and globulin 1.90. 

Poat-mortKin cTamination was done one hour after death. There were moderate 
dependent edema, ascites, enlargement of the liver, massive edema of the mesentery 
and retroperitoneal tissue.s, and moderate bilateral hydrothorax. The pericardial 
cavity contained from 50 to (30 c.c. of bloody fluid, and an area of subepicardial 
hemorrhage wa.s found on the anterior surface near the apex. 

The heart was greatly enlarged (Fig. 1), extending from a point 2-Z cm. on the 
right of the inidlinc almost to the left chest wall. It lay in a transverse plane, and 
all tlie eharnbors were dilated. The foramen ovale and the ductus arteriosus were 
completely obliterated. The aorta was normal, and it was noted that there was 
no stenosis of the aorta at any point. The great vessels entered and left the heart 
normally. Both right auricle and ventricle were dilated, and the interventricular 
M'pturn bulged into the cavity of the right ventricle. The endocardium on the 
right side was normal in appearance. The left auricle and ventricle were dilated, 
tuid the endocardium in c.ach chamber was uniformly thickened and grayi.sh white 
(Fig, 1). The free margins of the mitral and tricuspid valves .showed slight to 
moderate fibrous thickening, and tlie major portion of the valves was thickened 
generally. The chordae tendineae were thickened and shortened, and the papillary 
muscles were .shortened. The septum was intact. The aortic valve was normal. 

The lungs and the liver showed cridence of chronic passive congestion. The other 
organs were not remarkable. 


Microxcoiiic I-.xatnina(ion. — Tlcart : The endocardium of the left auricle and 
ventricle showed marked irregular fibroelastic thickening, the most of tlie tissue being 
elnstio. Ihe elastic fibers were largest and most compactly arranged in the deeper 
Infers, while toward the surface they became thinner and separated by increasing 
quantities of fintdy fibrillar collagenous nmterial. Xo inflammatory cells were found 
in the endoiXirdiuin. Irregular projections of fibrous tissue entered the underlying 
myocardium trad surrounded or replaced large areas of muscle tissue. The.se areas 
of fibrosis, too, contained large proportions of elastic tissue. There was marked 
pcrinrteri.a! fibrosis. 


The tmiscle filxtrs were not noticeably In-pertrophied but showed very marked thin- 
ning throughmit large c.reas, csjK!ciaUy iu the wall of the dilated left ventricle. 


^omo grtraular changes were present in the muscle fiher.-^, but there was no vacuola- 
tmu except for an accentuation of the normal vacuolation in the Purkinje fibers, 
.at rout.! r.ot be dcinnn-trated, and there was nothing to suggest glycogen infiltra- 




Fiff. 1 . — A (Case 1). left ventricular hypertrophy, dUntation. and endocardial 
fibrosis. B (Case 1), left ventricle and mitral valve. C (Case U). left ventricular 
hypertrophy and endocardial fibrosis. i> (Case 2). niitr.al valve; foramen ovale 
(arrow) and plaque on wall of left auricle (arrow.s). The posterior cusp of the 
mitral valve Is seen below the mural plaque. 
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lif.n of ilic fibors. Tliorc were many extensive areas of excessive tliinning, granular 
.iegeneration- and disappearance of tiie muscle fibers. The interstitial spaces in 
.=uch areas were filled with fine collagen fibrils and were heavily infiltrated by round 
cell.c. Dense collection.s of large and small round cells were found along the veins but 
not the arteries. No Aschoff bodies were seen (Fig. 2). 

Jicetions were tahen from the right circumflex, left circumflex, left anterior 
(le.=c‘pn(ling, and descending branches of the left cireuniflex coronary arteries, and 
siudied with hematoxylin eosin, Mallory’s aniline blue stain, and Weigert’s clastic 
tissue stain. Their .structure conformed closely to the normal for thi.s age group 
a.s de.'crihed by Gross, Epstein, and Kugel.Jr 

Tiic lungs and lii'or prc.sented micro-scopic evidence of chronic passive congestion, 
and, in addition, the liver .showed massive midzonal hemorrhages and vacuolar and 
Iiyaline degeneration of the parenchymatous cells. There was acute .spleniti.s and 
acute lymphadenitis. 


C.v.sF. 2. — The patient was a two-and-one-half-ycar-old white male, who entered 
the hospital for the first time Feb. 3, 1935, with the chief complaint of asthma. 
He liad always been a '‘puny” child, and at the age of five months had an attack 
of pnemnonia. The local attending phy.sician at this time .said he had a heart 
murmur wlticli had probably been there since birth. Mfl\cn the child was about 
eighteen months old, he began to have wheezing attacks. These were characterized 
by easy inspiration and difficult expiration, and they continued all winter. One such 
at f. nek wa.s .“aid to liave been relieved almost immediately by an injection of 
adrenalin. tVith tlic coming of spring the astlima wa.s nlmo.sf completely relieved 
but recurred again in December and por.si.stcd to the time of admission. The 
wheezing now was worse in the middle of the day, less at night or during periods 
of relaxation, and there was no notable increase in connection with exerci.se. No 
cyanosis or dyspnea had been i\otcd. A week before first admission puffiness of 
the face was notieed, and four days later his face and feet wore greatly swollen. 
There was no past history of rheumatic diatheses. The family history was positive 
for allergy. His diet had always consisted chiefly of milk. 

Exambtation sliowcd an acmtely ill, undcmouri.shcd, young white boy slightly 
cyanotic, dy.spneic and orthopneic, and generally edematous. There was moderate 
di.stcntion of the neck vein.s. Pliysieal examination, confirmed by x-ray and fluoros- 
copy, .riiowi'd the heart to be markedly enlarged, with pul.^ations indistinct, but no 
change in contour with change of position. The rhvthm rvas regular, rate 140, 
blood pressure 11.1/S2. The sounds were faint, and a soft blowing syistolic mur- 
mur was heard over the precordium. Electrocardiography showed only sinus 
tachycardia. The liver was markedly di.sl ended; the spleen was not palpable. 
The child %vas given extreme measure.^ — oxygen tent, diuretics, stimulants, digitalj.s 
— and resjionded v.-ell. 


Gkin te.-its showed him to be .sensitive to milk, which had been almost his 
sole article of diet, lilnod tests showed a moderate anemia; 3.8 million red 
cells tirt.l S..0 gram,- hemoglobin. In ticcordance with till these findings it was 
eofieludcd that the condition w.as entirely due to allergic asthma and nutritional 
.inernia with low .serum proteins, all of which had combined to produce cardiac 
h_\perfroj>h^', dilatation, and decompensation. Ife wa.s accordingly treated bv 
dcsensifizatimi, proper diet, and whole blood inlravcnoush'. 'J'here’ was marked 
impn.veineiii. At lime of discharge lie wheezed only a little; the heart had 
decrem-cd iu mzc to within the ni]>ple line; the .sy.stolie murmur was still hoard, 
be-t at the mitral area; and the liver had recoded to the costal margin. His 
enlarged adenoid.-- had been removed during his stay in the ho.spital. 

Three months later he wa.s readmitted. ni.s interval history was that he had 
done t.-iiriy well, though e„j|t, respiratory difficulty. Ho 
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returned to the hospital only as a precautionary measure. On this admission the 
temperature was 98.8“ P.; pulse, 120; respiration, 32; and blood pressure, 100/76. 
The child was not acutely ill. There was no cyanosis, and there was no edema, 
dependent or otherwise. Ho breathed with a wheeze and had an occasional cough. 
Ei>igastric jmlsation was seen. Examination of the heart was the same as on the 
first admission. The lungs showed some rjiles, bubbles, and squeaks. The liver 
was enlarged three fingerbreadths below the costal margin. 

The child appeared to be doing well until on the sixth day of hospitalization he 
.cuddenlv began to have respiratorj- distress attended with pallor. This increased 
in spite of all measures including the oxygen tent; acute pulmonary edema de- 
veloped and became increasingly worse until death supervened some five to six 
hours after the unexpected onset of acute symptoms. 

The blood Wassermann and Kahn tests were negative. The total red blood cell 
count was 4.2 million; the total white count 9,150 with 55 per cent poljTnorpho- 
nuclears. Total blood serum proteins were 5.82, with albumin 4.3, and globulin 
1.52. Boutine urinalysis was normal. 

Autopsy was performed four and a half hours post-mortem. There was no 
edema. The serous cavities contained no free fluid. 

Tire heart (Fig. 1) weighed 150 gm. Normal weight for a child of this age is 
58 gm.re Both ventricles were dilated and hypertrophied, the right propor- 
tionately more than the left. The wall of the right ventricle was D mm. thick, 
that of the left 1.5 cm. The epicardium was clear and glistening. The entire 
endocardium showed a diffuse fibro.sis most marked in the two left chambers. The 
myocardium was markedly pale, gray, and flabb}'. The entire border of the 
mitral valve was rolled and thickened by confluent, translucent, pink nodules. 
There was some diffuse fibrosis of the entire valve, but no fibrosis of the chordae 
tendineac. The border of the posterior cusp of the mitral valve was especially 
involved, and there was apparently a considerable shortening of the cusp which 
measured only 3-5 mm. between free and attached borders. Extending up from 
this cusp onto the wall of the left auricle, covering an area about 1 x 1.5 cm. in 
size, was a raised irregular patch of the same tjqie of pink translucent tissue 
found along the border of the mitral valve. The tricuspid valve showed similar 
nodules along its free border with involvement of a considerable part of one cusp. 
The main p.'irt of the tricuspid valve, however, was thin and translucent; there 
was little distortion and no diminution in the size of the valve; and there was 
no fibrosis of the chordae tendineac. These lesions of the mitral and tricuspid 
valves grossly resembled those of rheumatic fever but were not absolutely tjqtical. 
The aortic and i)ulmonic valves were normal. The interauricular septum pre- 
sented a circular opening 6 mm. in diameter, the rim of which was thick and 
fibrous and presented many .small nodules of the tj’pe seen on the mitral and 
tricuspid valves. Further examination revealed what appeared to be the line of 
original fu.sinii of the foramen ovale, and it was judged that the opening had 
resulted from ero.sion by a process similar to that involving the atrioventricular 
valves and the wall of the left auricle. The aorta was normal. The largo 
vessels opened into the heart normally. The ductus arteriosus was closed. 

The left lung was compressed to almost half the size of the right. The lungs 
were dense, dark rod on section, and very edematous. The gastrointe.stinal tract 
wjts not reraarkaJ)le. Tlie liver weighed 450 gm., wiiich is normal for a child 
of this age, 16 and showed no gross evidence of chronic passive congestion. The 
s|ilcen weighed SO gm., about twice normal weight, and wfis very firm. There 
wore no other remarkable features in the gro.s.s findings. 

Jfmro.wopsc ETanination.—IIcarl (Fig. 2) : The endocardium of all the chambers 
t owed m.-irked fibroel.astic h%-perpla.cia, quite irregular in thickness and frequently 
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extending, deep into the myocardium to surround or replace large areas of muscle 
libers. This fibrous tissue was composed of elastic and collagenous elements in the 
same proportions and arrangement as described for the first case. Section of the 
mitral valve, posterior cusp, and the plaque above it on the wall of the left auricle 
showed massive and irregular fibrosis of the valve with only a few bundles of fine 
elastic fibers. There were no inflammatory cells, vessel changes, or other signs of 
active inflammation in the valve. The plaque on the left auricular wall was com- 
poised of two layers — a superficial layer of very edematous fibrous tissue, rich in 
plump fibroblastic nuclei, lacking any infiltration of inflammatory cells, and 
showing only a few fine, irregularly disposed elastic fibers. A deeper layer consi.sted 
of adult fibrous tissue, chiefly elastic, in compact parallel bundles. 

The coronary system was studied as in the first case and likewise was found 
to be essentially normal. 

The perivasciilar fibrous tissue was much increased. The interstitial tissue as a 
rule was only slightly increased in amount, but there were man}' foci in which 
there was marked interstitial fibrosis of the same composition noted in the endo- 
cardium. The muscle fibers did not appear In-pcrtrophic but rather attenuated 
and distorted. No fat could be demonstrated. There was no vacuolation or otlier 
findings suggestive of glycogen in the fibers. There were some areas in which the 
rnuscle fibers had disappeared altogether, and there remained only a fine cndoinysial 
network within which w'ere man}' fibroblasts and infiltrating round cells. 
The capillaries of these areas sliowed marked swcUing and proliferation of the 
endothelial cells which frequently formed a layer two to four cells thick. A moderate 
degree of interstitial round cell infiltration was seen in many areas other than 
those just noted. Occasional interstitial hemorrhage was seen. 

The lungs presented microscopic evidence of chronic passive congestion. There 
was no hypertrophy of the bronchial musculature, eosinophilic infiltrations, or other 
findings considered indicative of bronchial asthma. A bronchial lymph node con- 
tained a well waUed-ofl; caseous tubercle. Microscopic examination of tlio other 
organs was not remarkable. 

DISCUSSION 

In both of the cases liere reported tliere was a bistoiy of good health 
from birtli to the time of an illness which was diagnosed pneumonia, 
after which symptoms of heart failure appeared and grew woi-se to the 
time of death. It might be interpreted liere, as elsewhere/^ that the 
sequence was: respiratory infection; toxic myocarditis with degenera- 
tion, fibrous repair, dilatation of the surviving muscle fibers; and finally 
a compensatory hypertrophy. However, the anatomical evidence would 
indicate that the hypertrophy and the endocardial fibrosis were older 
than the degenerative-infiltrative process in the myocardium, and, in the 
first case particularly, seem much older than vould be compatible Yith 
tlie relatively short time between “pneumonia” and death. It seems 
more probable’® that, granting an acute infection antecedent to the heart 
failure, the heart was damaged by the infection because it v,as already 
in a pathological condition (hypertrophy and endocardial fibinsis) and 
was susceptible to fatal damage by a minor intoxication that voukl not 
have atfeeted a normal heart. 

Definite allergy to milk, which had been the main article of diet 
throughout the patient’s life, was a prominent feature of the second 
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case. The a.stliina was explained on this basis before death though con- 
siderable doubt was raised about the correctness of this explanation when 
autopsy showed the tyj)e ot heart that was present. The asthnia; in 
Uim, could explain the right-sided hypertrophy and dilatation but 
could hardly serve as a basis for the left-sided hypertrophy and myo- 
cardial-endocardial changes. In view of the resemblance of the lesions 
on the mitral valve and wall of the left auricle to similarly located lesions 
h\ rheumatic fever, the que.stion was raised whether food allergy might 
not have produced these endocardial lesions by a mechanism analogous to 
that supposed by some^^"" to operate in rheumatic fever. However, 
there is no clinical or experimental evidence yet to support the idea that 
food allergy may cause anatomical heart lesions. 

Endocardial fibrosis was in the.se two cases a feature of the heart 
second in prominence only to the hypertrophy of the myocardium. The 
associated lesions of the heart valves and, in the second case, of the left 
auriciilar endocardium, sugge.st an inflammatory origin for at least a 
part of the fibrosis in these cases. 

A micrometer was used to compare the size of the individual myo- 
cardial fibers in the two cases just reported and in other cases of the 
same ages free from enlargement or other pathological condition of the 
heart. This comparison confirmed the original impression that the 
diameter of llie heart fibers was not enlarged and showed that on an 
average the fibers were thinner than those in the supposedly “normal” 
liearts. This raised the que.stion of how to explain the marked enlarge- 
ment of the heart in both eases just reported, and whether it might be 
explained on the basis of hyperplasia of the fiber bundles rather than 
of hypertrophy of the individual fibers. 

SUMMARY 

Two new cases of idiopathic myocardial hypertrophy of infancy are 
reported. Both cases conformed fairly well to the clinical course which 
has been recognized as generally occuiTing in cases of idiopatliic hyper- 
trophy, although each had the unusual clinical history of antecedent 
infection and each presented edema when first seen. Both cases showed 
fibroelastic thickening of the endocai’dium, myocardial hypertropliy and 
dilatation, and microscopic degeneration, round ceU infiltration, and 
fibrosis of the heart muscle. In addition, the second ease presented food 
ailergj* and asthma, lu'e.sumably allergic, and on autopsy showed lesions 
resembling those of rheumatic fever on the mitral value and wall of left 
ani-iclo. 

Antecedent acute infection was considered insufficient to e.xplain the 
heart ehango.s in these two cases. The history of such infections has been 
que.stionablc in the ma.iorily of case.s in which it has been imported; and 
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it seemed probable that, even when definitely present, the infection was 
of importance rather for precipitating the acute decompensation than 
for producing the hvjiertrophy. 

The question -was raised whether food allergy may liave been respon- 
sible for the rheumatoid lesions in the left heart of the second case, and 
whether the allergic factor is ever present in other cases as an etiologic 
factor. 

No conclusions were reached as to the etiology of the endocardial and 
myocardial changes in the two cases reported. 
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CARDIAC ASTHAIA DUE TO OCCLUDING THROMBUS OP 
THE LEFT AURICLE"^ 

A. C^VRLTON EkNSTENE, M.D., AND JOSEPH C. LA^VEENCE, M.D. 

Cleveland, Ohio 

C ardiac asthma usually is due to failure of the left ventricle, 
v’liieh has been damaged previously as the result of hypertension, 
eoronarj'^ arteiy sclerosis, or aortic valve disease. In a small group 
of cases, however, the same type of paroxysmal dyspnea results from 
the presence of mitral stenosis without myocardial failure. A series 
of cases of the latter tjiie has been studied by McGinn and White,^ 
who point out that in this group the attacks usually are precipitated 
by exertion, emotional upsets, or paroxysmal tachycardia. "When the 
heart rate is accelerated by any of these factors, blood is expelled into 
the pulmonary circulation by the hypertrophied right ventricle more 
rapidly than it can pass through the narrowed mitral orifice. The 
resulting acute pulmonary hypertension and congestion causes parox- 
ysmal dyspnea which may be accompanied by asthmatic breathing and 
may progress to acute pulmonary edema. 

In the present communication Ave wish to report a case of mitral 
stenosis and subacute bacterial endocarditis in which an occluding 
thrombus of the left auricle was responsible for a typical attack of 
cardiac asthma. 

REPORT OF CASE 

Bistory . — A wliite male office worker, aged forty-six years, was brought to 
the hospital by ambulance on March 10, 1936. Approximately four months 
earlier, he had noted the onset of anorexia and increasing tendency to fatigue, 
periodic vague distress in the epigastrium and left upper quadrant of the ab- 
domen, and dyspnea and palpitation on exertion. Several weeks after the ap- 
pearance of these sj’mptoms, an irritating, slightly productive cough had de- 
veloped. The patient continued to work until February 8, when he was forced to 
quit because of dyspnea, weakness, and feverishness. At this time the presence 
of irregular, low grade fever was discovered. During the month before ad- 
mission to the ho.spital, there had been frequent attacks of severe retching, and 
on a few occasions the patient had vomited a small amount of bile-stained ma- 
terial. At time.s these attacks had been precipitated by a .sudden change in posi- 
tion and particularly Ijy .sitting up in bed. During the three weeks preceding 
admission, the patient al.so had experienced three attacks of severe paroxysmal 
dyspnea which were not accompanied by wheezing. He had felt compelled to sit 
up in bed during the seizures but, on doing so in the first two paroxysms, had 
promptly lost consciousness. None of the attacks had lasted for more than fifteen 
minutes. There had been a loss of fifteen pounds in weight since the onset of 
the illness. 

Jiramfnoffon.-— Tlic patient was well developed and well nourished but ap- 
pc.ared t o be quite ill. The skin had a light yellowish tint, and the sclerac showed 
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slight , but definite icterus. The pupils reacted normally. The jugular veins ■were 
not distended. Eelative cardiac dullness extended 1 cm. beyond the left mid- 
clavicular line in the fifth interspace. The heart rfiji,!™ was regular, and the 
rate was 112 per minute. Over the apex a rumbling murmur was heard beginning 
early in diastole and extending up to a loud first sound. No other murmurs wore 
present. The pulmonary second sound was louder than the aortic second but 
was not definitely accentuated. A few medium moist rales were present over 
the base of both lungs. The liver and spleen could not be felt. Tliero was no 
clubbing of the fingers, and no petechiae were seen. The arterial blood pressure 
was 120 mm. systolic and 70 mm. diastolic. The temperature by mouth was 98.4® F. 

The red blood cell count was 5,160,000 per cubic millimeter, and the hemo- 
globin content, 91 per cent. The leucocyte count was 17,600 per cubic millimeter. 
The urine contained a trace of albumin, many In-aline and finely granular casts, 



Fig'. 1. — ^Roentgenogram of tlie chest showing increased hilus shadows with fanlike 

radiation toward the periphery. 

and an occasional red blood cell. The Wassermann and Kahn reactions of the 
blood were negative. The icteric index was 25. A blood culture gu'v o a grow th 
of nonhemolytic streptococci at the end of sixty hours. 

Eoentgenograms of the chest (Fig. 1) showed moderate enlargement of the 
heart, with prominence of the curve due to the pulmonary conus and left auricular 
appendage. In addition, the lung hilns shadows were greatly increased in width, 
with extensive fanliko radiation toward the periphery. In the region of the 
aortic arch, a rather large area of increased don.sity also was present, the nature 
of which was not clear. 

An electrocardiogram showed sinus tachycardia, %vith a rate of 310 per min- 
ute. The maximum amplitude of the QES complexes was 4 mm. in Lead IL Tie 
P-waves were prominent in Leads I and II and the T-waves were iscK'.ecwU. m 
Icad.s. 
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Cliniml Course . — Several hours after admission to the hospital, and while he was 
lying quietly in bed, the patient suddenly began to experience intense dyspnea. At 
the same time the lips and nail beds became cyanotic and the face veiy pale. 
Profu.^e perspiration developed, and the hands, forearms, feet, and legs became cold 
and clammy. The dyspnea increased rapidly in severity so that the accessory mus- 
cles of respiration were brought into jday, and within a fen minutes the breathing 
Iwcame asthmatic in typo with loud wheezing, especially during expiration. In spite 
of the great respiratory difficulty, however, the patient declined to be elevated 
to a hitting position, llhonchi were fir.st noted over the upper left anterior chest 
a few minute.s after tlie onset of the paroxysm. These increased rapidly in num- 
ber.s and were .soon pre.sent over all lung field.s. Frequent coughing developed early 
in the attach and was productive of small amounts of thick tenacious sputum 
flecked with blond. Bhortly before the on.sel of the paroxysm, the pulse rate had 
been IflS j)er minute, imt the development of dy.spnea was attended by a rapid rise 



Fi^-. 


2 . — Piiotopiapli of interior of 
completely ohstructed 


left auricle showing Jiiitral valve orifice almo.st 
by tiie large vegetative thrombus. 


to 140 and then to 154 per minute. The cardiac rhythm rcniiiined regular. A de- 
crease in blood pressure to 100 sy.stolic and 70 diastolic was recorded. One-fourtb 
grain of morphine sulphate wa.s administered hypodermically and resulted in grad- 
ntd, but only partial, relief. One liour after the fir.^t appearance of symptoms, mod- 
erate dyspnea and wheezing still were pre.sent, and sibilant rfiles were to be beard 
tliroughoiit all lung iiohl.s although in diminished numbers. Intermittent cough 
per.Msted and the sputum at this time was bright red in color. The administration 
Ox morphine sulplmle w;is repeated, and one hour Ititer the patient was much more 
comfortable. Numerous rlmnchi wore .«till present over the left lung; profuse 
sweating conlnmcd; the nail }>c<ls and the Ups were deeply cyanotic; and the cx- 
iromitms remamed cold and clammy. The pulse rate was 152 per minute; the blood 
p.es.-are .,,1 mm. .systolic and «0 mm. diastolic: and the temperature, 103.8” P. Tlie 
radird pulf<- wave was handy palptilile. 



EBNSTEKE AND uuvrexce: cardiac ASTII5,.1 (jdj 

On the following morning, the nntJejtf o’*!, i 
he critically ill. The lips and nail beds L'*, ^"”’"ortah!e, .still appeared to 

,i„o..conld not bo fc.t. 4,0 wl'r'rr.,:' or!.? r 

couM not he obtiiinetl. Tlie lieort souni). nmo o ' 't”'''""'' ■' ''"'oH’l"’ noolinR 

iau,..„ ovo.. t .,0 apox ,va., loos ixln , u rp::,,’”" ““f J; 

oc t„o nt„, t„..,o aX, - ;-c s:::!:'- 


Throughout the day the patient's condition 
cept for oeensional periods of nausea and a 
pressure, to dO systolic. Tliis low IcA-el wtis 


remained essentially unchanged ex- 
gradual further deerea.so in blood 
maintained suhsequenth* with but 



interior of left auricle. .1, unobstructed poition of mitral 
nrifioQ portion of vegetative tln-onibu-s overl.ving the instnil valve 

inorrif’ 7* ® lateral boi'dei’.of the thrombus.- is indicated b.v the beav.v line. C. ;inU-- 
secoiio ^"™mbus in left auricular appendage. D, region of the small area of 

vip„. ^ll^clnnent of the thrombus on its postex'oinferior border. The rsngio of 

" 01 the drawing is slightly different from that in the photograph (Fic. 2’). 


sliglit variations except for a rise to 70 for a few hours on the morning of the 
-‘second day after admission. This rise seemed to be accompanied by {crnporary. 
slight improvement in the temperature of the logs. The output of urine amounted 
to 2-tO c.c. dtiring the first txventy-foiir lionns in the ho.'^pital and to but SO c.c, 
(luring the second twenty-four hours. Death occurred on the morning of ilie third 
(lay after admission. The patient remained clear montully and ex'perionced very 
little further dyspnea until eight hours before he expired. Xo petechine were noted 
(it any time, and no gangrenous areas developed in tlie extremities. 

^ost-Morfem JUicaviination . — ^^Vt necropsy the right pleural ca.vity contained L4C‘0 
of clear, .straw-colored fluid, and the left pleural cavity. 1.200 c.c. The peri- 




THE AMERICAN HEART JOUR^AI 


vJi. ■ - 


FJg-. 4. — Inferior viev.- of the thrombus after its removal. The area of attach' 
ment. A, has been outlined vrith a heavy line. The free portion is indicated by B 
and C is directed toward the small area of secondary attachment. 








mcnt^f^th/'tljrombuL**^^i? thrombus. A, area of attach- 

rial not attached to secondarj- attachment. O, vegetative mate- 

atiacncd to thrombus. D, ante-mortem thrombu.s in left auricular appendage. 
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cErdial sac contained 15 c.c. of clear fluid, A few fresh, fibrinous adhesions were 
present between the parietal and visceral pericardium over the pulmonarj' conus. 
The superior vena cava, and the innominate veins M’ere greatly engorged with blood. 
There were no masses in the mediastinum. 

The heart weighed 520 gm. The left auricle, the pulmonary vein.s, and the right 
chambers of the heart were greatly dilated and distended with blood. The left 
ventricle, in contrast, appeared relatively small. The wall of the left •v-entriclo 
measured 19 mm. at its point of greatest thickness, and the right ventricle S mm. 

The mitral valve orifice, when viewed from above, was almost completely ob- 
structed by a large, friable, rough, pinkish gray vegetative thrombus which origi- 
nated from the medial half of the fused leaflets of the valve (Figs. 2 and 3). This 
thrombus measured 27 mm. in length, 9 mm. in breadth and 3 to 7 mm. in thickness. 
The. medial two-thirds (Fig. 4) was uniformly attached to the underljdng struc- 
tures, but the thicker, lateral one-third was free except for a small area measuring 

I by. 3 mm. on the posteroinf erior border near the lateral extremity. This latter area 
was loosely adherent to underljdng vegetative material. The free portion of the 
thrombus completely overlapped the mitral valve orifice except for an area 2 by 
3 mm. adjacent to the middle of the posterior leaflet of the valve. In this area tlierc 
was an indentation in the thrombus, but even here the passage to the left ventricle 
was not wholly direct since the valve leaflet sloped downward and forward to form 
a tunnel under the thrombus. A slight degree of free movement was present in the 
free portion of the thrombus. 

After removing the thrombus, a flat, rough vegetative lesion was found completely 
surrounding the mitral valve orifice except for an area 4 mm. in length on the pos- 
terior leaflet (Fig. 5). The valve orifice itself measured 4 mm. by 7 mm. in its 
greatest diameter. , The fi’ee margins of the leaflets were firm and gi'oatly thickened. 
The appendage of the left auricle was filled with an ante-mortem thrombus of recent 
origin. 

The ventricular surface of the mitral valve was free from vegetations. The 
chordae tendineae were greatly thickened and shortened. The tricuspid, the aortic, 
and the pulmonary valve leaflets were normal. The tricuspid valve ring measured 

II cm. in circumference, the aortic, 8.3 cm., and the pulmonary, S.7 cm. 

The lungs showed extensive passive congestion. The liver was congested and 
weighed 1,830 gm. The spleen weighed 490 gm. and contained several old and 
recent areas of infarction measuring up to 1.5 cm. in diameter. Multiple small 
infarcts also were found in both kidneys. 

DISCUSSION 

Oecliidiiig thrombi of the left auricle usually are associated tvith 
mitral stenosis and auricular fibrillation. Instances have been recorded, 
however, in wliich auricular fibrillation has been present Mithont initial 
stenosis,^ and in a few cases, "" as in 0111*3, tlie occluding thrombus has 
resulted from bacterial endocarditis in patients with mitral stenosis and 
regular rhytlmi. Regardless of the underlying cause, the most impoi- 
tant clinical feature of the condition consists ol sudden tcmpoiam or 
permanent changes in the peripheral circulation due to an incicase in 
the degree of occlusion of tbe mitral valve orifice. 3 hc.se changes con- 
sist of diminution or disnp])earancc of the arterial ])nIs 5 Uions in the ainis 
and legs, extreme coldness of tlie extremitie.s, cyanosis, and diminished 
arterial blood pressure. Circnmscrihed gangrene may develop in the 
finger tips, toes, or tip of the nose. 
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Cardiac asthma has been noted but rarely in the recorded cases of 
occluding thrombi of the left auricle. Sclnvartz and Biloon/ however, 
mention the occurrence of paroxysmal dyspnea in two of their three 
jiatients, and in one of these wheezing was present and blood tinged 
sputum was expectorated. In the presence of occluding thrombi, 
cardiac asthma might be cxi)eeted to result from either of two mech- 
anisms which would produce acute pulmonary congestion: (1) a rapid 
rise in heart rate, the factor responsible for the development of cardiac 
asthma in patients with uncomplicated mitral stenosis, and (2) a 
sudden increase in the degree of occlusion of the mitral valve orifice 
due to a change in the position of the thrombus. In our patient, the 
tachycardia which accompanied the onset of the attack can reasonably 
be assumed to have been of importance in producing the paroxysm. 
The diminution in the arterial pulsations in the extremities, the coldness 
of the foi’carms, the hands, the legs, and the feet, and the decrease 
in arterial blood pressure, together with the fact that these changes 
persisted after the attack had subsided, indicate, however, that an in- 
crease in the degree of occlusion of the mitral valve also played an 
important role. No conclusion can be drawm as to wdiich of the two 
mechanisms was the principal cause of the actual initiation of the 
seizure. 

The three attacks of paroxysmal dyspnea experienced by the patient 
before admission to the hospital probably were the result of the same 
changes which produced the paroxy.sm w'hile he W'as in the hospital. 
■Whether the syncope which occurred in tw’o of the attaclcs wdien the 
patient sat up Avas the result of the already greatly impaired peripheral 
circulation or was due to a further increa.se in the degree of mitral valve 
obstniction through the effect of gi’avity upon the thrombus cannot 
be .stated. The ])alient’s refusal to sit ux^) during the attack in the 
hospital W'as in striking contra.st to his severe dysimea. 

SUiU3IARY 

f’linical and ])ost-mortem observations arc ]>resented on a patient 
with advanced mitral stenosis, regular heart rhythm, subacute bacterial 
endocarditis, and an occluding thrombus of the left auricle. The strik- 
ing clinical feature was the occiuTcncc of an attack of tyj)ical cai’diac 
a.sthma accompanied by tachycardia and signs of greatly impaired 
peripheral circulation. The latter signs persisted after .stibsidence of the 
juiroxysinal dyspnea and tachycardia. 
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Chillingwortli, Plex P., Sweet, Blarian H., and Healy, James C.: Vascular In- 
jection as Influenced "by Negative Pressure. Anat. Ree. 66: 11.1. lOlft. 

"Wlien an animal is chloroformed to death, an injection cannula inserted into the 
left ventricle, and the animal exposed to a negative pressure of 25 to 60 mm. Hg, 
injection fluid at atmo-spheric pre.«sure flows in to fill the vascular system more com- 
pletely than when the animal is at atmospheric pressure and the fluid under high 
positive pressure. By this new method 60 per cent more fluid can be injected, and 
minute vessel structxire is more clearly outlined. 

.-VrTHOi:. 


Hopf, E.: A New Electrical Method of Plethysmography in Man. Ztschr. f. 

Kreislautforsch. 28: 118, 1916. 

The method which the author used to regist(‘r arm volume is sensitive enough to 
pick up changes in volume of 0.01 to 0.04 c.c. It registers the changes in volume 
during respiration and during the heart cycle. 

The method consists of a ‘‘heat circuit*’ in which changes in - ‘beat tone” are 
produced by alterations in the conden.^er field caused by volume changes of the 
arm. The alterations in pitch ctin be magnified to be heard in a loud-speaker or 
can be recorded with an oscillograpli. Those ran be rectified witli an anode rectifier 
and then, after amplification, can be re(‘ordod with an oscillograph as inton-sity 
changes. 

L. N. 1C. 

Gilson, A. S., Jr.: The Effects Upon the Heart Rh^dthm of Premature Stimuli 

Applied to the Pacemaker and to the Atrixim. Am. ,1. Physiol, 116: 1.18, 1916. 

Using electrograms recorded from the sinus .nnd from the atrium of the turtle 
heart, a study has been made of the effect of premature stimuli upon the rhythm 
of the heart. 

If a stimulus is applied to the uormal pacemaker in tlie sinus at such a time as to 
give rise to an immediate rc.sponse. the next s])onfaner)ns response, ns roconlod from 
a point on the sinus close to the pacemaker, occurs at one normal heat interwil 
after this. Suhsoquent responses follow at normal intervals thereafter. 

If a stimulating electrode ho placed so as to stimulate either atrium or sinus or 
both, according to the responsiveness of the tis-me concerned at the moment of 
stimulation, and if lead-off electrodes be placed on the atrium, and if results be con- 
sidered in terms of the time of the atrial re.-^ponse. it is found that a .'^lightly pre- 
mature, stinmlus results in a .slight prematurity of .atrial re.spoiise. a .slight lengthening 
of the succeeding cycle because of th.e compensatory ]i;\tise. hut no displacement of 
the paeemaker ihythm. 

With further prematurity of stimulation, the pacemaker .and .ntrtum are .stimislaied 
simnltanemisly. The succeeding intcra-nl {as mcu.sured from the atrial record) is 
long but does not .show further significant iiicreasi' ns the stitnulns is placed earlier. 
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Wlien Hie moment of stimulation is brought still earlier in the atrial cycle, the 
shock the atrium refractory but stimulates the pacemaker and causes a cor- 

responding displacement of the rhythm. However, that premature sinus response 
may he conducted to the atrium, thus causing a premature response of the atrium. 
Since conduction of this impulse in the relatively refractory phases of sinus and 
atrium occupies a longer lime than normal and since the conduction of the normal 
sinus beat to the atrium occurs in a normal time, both the cycles preceding and follow- 
ing the premature response will be measured as shorter than a normal cycle. 

If stimulating electrodes are placed to touch the atrium but not the sinus, an 
early premature atrial beat may be elicited without causing a dropping of the next 
normal atrial beat which appears in its proper time. Arr-rrrop 


Robertson, George H.: Heart Disease in General Practice in New Zealand. 
New Zealand M. J., June, 1936. 

This is a survey of 700 consecutive patients suffering with heart disease who 
were seen in the course of general practice. 

Complicating factors have been ignored, and in each case the original etiological 
factor only has been given so that each patient appears only once. 

Criteria accepted for diagnosis have been those recommended by the Heart Com- 
mittee of the New York Tuberculosis and Health Association. 

An analysis of the case notes studied shows arteriosclerosis (32.0 per cent), 
hypertension (14.3 per cent), cardiac neurosis (21.1 per cent), thyrotoxicosis (11.6 
per cent), and rheumatic fever (13.9 per cent) to represent over 90 per cent of the 
etiological factors. 

Author. 

Gladstone, Sidney A.: Oxygen Utilization, Cardiac Output, and Related Circula- 
tory Punctions in Graves’ Disease. Proc. Soc. Exper. Biol. & Med. 34: 587, 
1936. 

In four cases of Graves’ di.sease with an average basal metabolic rate of 33 
per cent, the arteriovenous oxygen difference was found to be decreased by 37 per 
cent. The average cardiac output was 8.1 liters per minute compared with a normal 
of 4.2, representing an increase of 93 per cent. The relations of the present findings 
to those previously reported, to the question of method of cardiac output determina- 
tion, and to the possible nature of the underlying met.abolic disturbance in Grave.s’ 
disease are briefly discu.ssed. 

Author. 

Henderson, W. R., and "Wilson, W. C.: Intraventricular Injection of Acetylcholine 
and Eserine in Man. Quart. J. Exper. Physiol. 26: 83, 1936. 

A study is made of the direct injection of acetylcholine and eserine into the 
ventricles of human Ijeings. The drugs, when injected in this manner, cause tj-pica! 
and similar reaction.s which are not reproduced by injection of the same amount of the 
drugs intravenously. The specific action of the drug is prevented or abolished by 
atropine. The authors conclude from these experiments that the responses of 
acetylcholine and eserine wlien injected intraventricularly are the result of action 
on the cerebral centers and not from peripheral action after absorption into the 
blootl stream. The action of the eserine is thought to be due to inhibition of 
esterase, thus permitting tlie accumulation of acetylcholine which is being released 
at some of the synapses in the brain. Sleep was not produced in tlie.se experiment.s 
on human Ix'ings as w:m the case in previous work reported by Dikshit performed 
On rat.s. 


E. A. H. 
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Altschule, Mark D., and Volk, Marie C.; Therapeutic Effect of Total Ablation of 

Normal Thyroid on Congestive Failure and Angina Pectoris: XVm. The 

Cardiac Output Following Total Thyroidectomy in Patients With and Without 

Congestive Heart Failure, With a Comparison of Results Obtained With the 

Acetylene and Ethyl Iodide Methods. Arch. Int, 58: 32, 1930. 

Data on the changes in the cardiac output and related aspects of tlie circulation 
after total thyroidectomy in twenty-tlirce patients are presented. 

The output in volume per minute and the work of the heart are greatly diminished 
in hj^othyroidism ' following total ablation of the normal thyroid gland. 

The cardiac output decreases progressively to a greater extent than the oxygen con- 
sumption, as the basal metabolic rate falls in hj-pothyroidism. This disproportionate 
decrease in cardiac output is accompanied by a progressive increase in the arterio- 
venous difference. These changes are most strildng when the basal metabolic rate 
has fallen below -15 to -20 per cent. 

In nineteen of tw'enty-three patients the velocity' of blood flow was slowed when 
the cardiac output was low. In patients with congestive failure the velocity of 
blood flow was much slower than in those without congestive failure. In three in- 
stances the velocity of blood flow did not reflect accurately the work of the heart. 

The venous pressure, arterial pressure, and vital capacity were not significantly 
altered after total thyroidectomy in the patients in this series. 

The measurements obtained for the .same patients by the acetylene and ethyl iodide 
methods are compared. The results are the same by the two methods under the condi- 
tions of the experiments described. 

Reduction in the work of the heart was a.ssociated with clinical improvement 
in the patients studied. 

The data obtained in this study are in harmony with the concept that the relief 
obtained after operation in patients with angina pectoris is due principally to reduc- 
tion of the work of the heart to, or below, an amount wliich it can do without the 
development of anoxemia. 

In patients with congestive failure the basal oxygen consumption after total 
thyroidectomy falls well below the point at which it merely balances the low cardiac 
output, and the cardiac ouput at rest coincidentally becomes reduced below the pre- 
operative level. This makes it possible for the cardiac output in .‘such patients to in- 
crease appreciably in response to work, so that the degree of activity may be in- 
creased without discomfort. 

In addition the marked diminution in basal cardiac work Avhicli occurs in all 
patients after operation affords the heart a significant measure of rest. 

AtrriioR. 


Jackson, D. E., and Jackson, Helen L.: Experimental and Clinical Observations 

Regarding Angina Pectoris and Some Related Symptoms. J. Lab. A- Clin. Med. 

21: 993, 193G. 

Results of this study show that electrical stimulation inside the esojdiagns at ap- 
propriate locations within the chest produces mu.scular contractions and pain in 
exactlv those areas of the body in which pain is developed during a*-uto attack.s of 
angina i)ectoris and coronary thrombosis. The innervation, the authors bcliera, is 
ipselateral and does not come from the heart. 

The authors believe that the ordinary explanation of angina pectoris h-eing duo 
to coronarv tirtery spasm is erroneous. They believe that angina pectoris is dtte 
to aculo incoordinated spasmodic contractions of the esophagus (including its 
longitudinal muscle layers) and .stomach whereby gas or otlsor stomach content? are 
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i'ntmpxiocl under yjrcs.^urc uiid tlic wnlls of either viscuSj ^vit■h tlieir contuined. or 
rsdjarent ncrvc.c and tissues, are strained or injured. In tliia article they present a 
part of tlicir experimental and clinical e^ddence to support thc.«e mews and refer 
hriefly to the relationship to coronarj- thrombosis. 

Author. 


Gross, Kurt: An Electrocardiograph for Quantitative Work for the Practitioner. 

Ztsclir. f. KreislaufTor-sch. 28; 269, 1936. 

Description is given of a new portable electrocardiograph which does not distort 
the deflection, with a criticism of some other German models which do cause 
di.stortion. 

L. N. K. 

Wagenfeld, E.; Auricular Flutter Converted to Nodal Rhythm hy Digitalis. 

Ztschr. f. Kreislaufforsch. 28; 433, 1936. 

An unusual case is presented in wliieh auricular flutter is converted during 
digitalization into auricular fibrillation and later into nodal rhythm with bigeminal 
beats. At times sinus arrhythmia occurred in this patient accompanied by S-A 
block. 

L. N. K. 

Katz, L. N., Gutman, I., and Ocko, F. H.: Alterations in the Electrical Field 

Produced hy Changes in the Contacts of the Heart With the Body. Am. J. 

Physiol. 116: 302, 1936. 

Experiments are reported in which various regions of the heart wore connected to 
various parts of the chest by a good electric.al nonpolarizable shunt. The alterations 
obtained were of two sorts (or intermediate or mixed forms) : (a) diphasic addi- 

tions when the region under the .shunt electrode was not injured and (b) monophasic 
additions when the region under the shunt electrode was injured. 

It is demonstrated that regions of the heart may gain a decided advantage over 
the rest of the heart merely because they are in contact with a good electrical con- 
ductor, provided that the contact is electrically nearer to one than the other of the two 
recording electrodes. 

It is demonstrated that the point on the chest to which the heart currents are 
shunted determines the advantage of the heart region so .shunted over the rest of the 
heart. This depends on the “electric.al distances’- between the recording electrodes 
and the point of shunt on the chest. 

It is demonstrated that the electrical re.-<istance of the .shunting circuit determines 
the degree of advantage gained by the heart region shunted ; the less the electrical 
rc.sistance of the .‘■hunt, the greater the advantage. 

It is .suggested that the shunted region of the heart sets uj) it.s own electrical field 
in the body which summates with that set up by the lieart through its natural contacts. 

The.'C experiments sup[>ort the concept that the nature of the electrical conductors 
in contact with the heart are an important, if not the most important, element in 
ih'termining the nature of the electric.al field set up by the heart !ind thereby in de- 
termining the contour of the electrocardiogram obtained with recording electrodes 
at a distance from the heart. They also support the concept that alterations in the 
relation of variom^ regions of the heart to the good electrical conductors and altera- 
tions in the location of the latter are important factors in modifying the ordinarv 
electrocardiogram. 


Author. 
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Katz, L. N., Sigman, E., Gutman, I., and Ocko, r. H.: The Effect of Good Electrical 

Conductors Introduced Near the Heart on the Electrocardiogram. Am J 

Physiol. 116: 343, 1936. 

The introduction of good electrical conductors adjacent to the heart cau.'ses altera- 
tions in the electrical I'ceords ootaincd from direct, from di.^itant. or a combination 
of direct and distant electrodes. 

Evidence is given to suggest that the conductors introduced ojjoratc by (a) 
offering a by-pass for the currents generated by the heart, thereby decreasing tlio 
amount of current passing through the galvanometer circuit ; (b) altering the path 
taken by the currents from the heart to distant points; (c) altering the relative 
contribution of the vai-ious regions of the heart to the recorded electrical curve.s; and 
(d) creating electrical stresses, the result of frictional electricity between dissimihir 
conductors. 

The relative importance of these actions de))ends on (a) the manner of recording 
tlie electrical curves, (b) the presence or absence of regions of injury in the heart, 
and (c) the nature and location of the electrical conductor introduced. 

These observations reemphasize and define, in part at least, the importance of the 
electrical properties of tissue.s aiijacent to tiie heart in determining the electrical 
held set up by it. 

AUTHOn. 

Faxen, Nils: Paroxysmal Tachycardia and Bundle-Branch Block in a Boy of 11. 

Acta pediat. 18: 491. 1936. 

The case described illustrates the value of clcctrocjirdiographic examintition and 
at the same time shows an unusual complication witli paroxysmal tachycardia in 
childhood. There was a history of rheumatism which probtibly ticcoimtcd for the 
bundle-branch block. Tlic etiology of the tachyctirdia i.s not exj)lained. It is sug- 
gested that it may bo a congenital defect. 

H. McC. 


Schwartz, Sidney P.t Studies on Transient Ventricular Pihrillation. III. The Pre- 
fihrillatory Mechanism During Established Auricnlo-Ventricular Dissociation. 
Am. .7'. hr. Sc. 192: 16.3, 1936. 


Tlie clinical and electrocardiographic manifestations in six patients with A-V 
dissociation who exhibited recurrent syncopal att.acks due to tran.^ient ventricular 
librillation have been correlated. 

In each instance it was determined that the alteratioms in the rhythm of llm 
Jioart preceding a period of ventricular fibrillation were characterized by an acceler- 
ation of the basic ventricular rate of the \cntriclcs. 


The acceleration of the ventricular rate preceding ventricular tibrillat inn in 
patients with A-V dissociation was effecled through: (a) a .simple and jwogressivc 
shortening of the interventricular period.^^; (b) a stepliko progrc.«sion of belli 
auricles and ventricles with abrujit c.liangos from partial to complete hcart-bloidc 
and vice versa, each alteration resulting in a. further acceleration of the ventricular 
rate- (c) the interposition of a single extrasystoh; changing a slower rhythm to a 
faster one with a concomit.-int cliunge in the pacemaker of the ventricles; (d) 
recurrent short runs of tachycardia .arising in an ectopic fw:u? of the ventricies 
and allormiting with the periods of heart-ldock; (e) jt tncliy.^ysfole in which a 
rapid auricular rate kept pace with a rapid ventricular rate before tlbrillrdion dis- 
rupted flic whole cardiui- mechanisan: and finally (f) isolated pramnture l>eats of the 
ventricles which appeared in rapid snecc-ssion and accelerated the hvnvt bcfcsre itse 
ctirdiac mechanism responsible for syncope had set in. 
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On the basis of these correlated observations, it is fair to assume that a diagnosis 
of transient ventricular fibrillation may be suspected in a patient with A-V dis- 
sociation and sj-ncopal attacks if any of these cardiac mechanisms are observed to 
appear either prior to or subsequent to syncopal seizures. 

Author. 

Webster, Bruce, and Cooke, Crispin: Morphologic Changes in the Heart in Ex- 
perimental Myxedema. Arch. Tnt. Med. 58: 269, 1936. 

Myxedema was readily produced in adult rabbits by total removal of the thyroid 
gland. In the cases of more severe involvement this was accompanied by pericardial 
and peritoneal effusions. The heart muscle of these myxedematous animals had an 
average fluid content of S1.9 per cent, as compared with 75.6 per cent in a control 
scries of normal animals. On microscopic examination this heart muscle showed 
marked degenerative changes, characterized by a decrease in the number of fibers, 
edema, and a disappearance of the perinuclear sarcoplasm. 

Myxedema is apparently capable of producing serious myocardial damage in the 
adult rabbit. 

Author. 

Hochrein, M., and Schneyer, K.; Prognosis of Myocardial Infarction. Ztschr. 
f. Kreislaufforsch. 28: 257, 1936. 

Myocardial infarction is a serious concern of the cardiologist because of its high 
mortality and the restriction of activity in those who survive. The authors found 
a mortiility rate of 71 per cent in their group of 226 cases. In 97 cases death oc- 
curred within a few days. During convalescence, 24 died of heart failure, 16 from 
tlic infarction, 7 from emboli, and 7 from secondary heart causes. There were 65 
uho survived, but only 23 without incapacity, ivhile 22 had dyspnea on effort, 17 
liad stenocardia, and 14 had edema. 

Of bad prognostic omen are (a) atypical clinical and electrocardiographic find- 
ings, (b) signs of secretory insufficiency, and (c) appearance of cardiac insufficiency. 
Normal vital capacity and a rapid return of blood pressure arc favorable signs. 
Recovery is retarded by irregular habits, sexual exee.sses, and emotional upsets. 

L. N. K. 

Shookhoff, Charles, Douglas, Albert H., and Babinowitz, Meyer: Sedimentation 
Time in Acute Cardiac Infarction. Ann. Int. Med. 9: 1101, 1936. 

The red blood cell .sedimentation time was studied in twenty-nine cases of acute 
cardiac infarction. It w.as abnormally mpid in all. 

It became rapid between the second .ind fifth daj-s and returned to normal be- 
tween tho thirteenth and thirty-ninth day.s. 

An abnormal sedimentation rate may outlast the return of temperature and 
leucocyte count to normal by fis much as four weeks. It may be abnormal wlien 
the temperature and leucocyte count have been normal throughout. 

It is of great help in cases seen first several days or weeks after the occurrence 
of a cardiac infarction. It helps in the recognition of sulrsequent thrombosis or 
infection. It makes less arbitrary the diir.ation of bed rest. 

Author. 

Mullins, William L.: Age Incidence and Mortality in Coronary Occlusion. Penn- 
sylvania M. J. 39: 322, 1936. 

Tho age incidence and mortality of 400 ca.«e3 examined from the Hejirt Depart- 
ment of the Mercy Hospital, Pittsburgh, arc tabulated. The immediate mortality 
in all cp-ses was 9 per cent. In SO cases seen between July, 1928, .and July, 3930, 
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he immediate mortality ivas 7.2 per cent. Fifty-two of the?c patients are livin" at 
the present time. There was no immediate mortality in patients vrhose attacks oc- 
curred before age foiiy years. The immediate mortality increased gradually from 
ages forty to eighty years. Initial attacks occurred almost twice as frequently dur- 
ing the ivinter as during the summer months. 

n. lilcG. 

Schwarz, Hans G.: Concerning the Power of the Heart in Severe Congenital In- 
volvement. Ztschr. f. Kreislaufforsch. 28: 3S5, 1936, 

A case report is presented of an eleven-year-old child with severe congenital licart 
disease. Auricular fibrillation developed following pneumonia, but this lung infec- 
tion led to no other evidence of damage to the heart, 

L, K K. 


Siumnerfeldt, Pearl: Some Problems in Heart Disease in Childhood. Canad. Jf. 
A. J. 35: 165, 1936. 

The author reviews the experiences of cardme clvildren at the Hospital for Sick 
Children in Toronto. The findings in this study are similar to those made in studies 
elsewhere. Emphasis is placed on the importance of respiratory and tonsil infection 
in relation to the etiology of rheumatic fever and heart disease. 

n. HcC. 


Friedmann, E.: The Influence of Cardiac Valvular Disease Upon the Duration of 

Life. Ztschr. f. Idin. :^red. 130: 382, 1936. 

The study is a numerical svu-vey of the death rates of 1,16-i patioms with 
rheumatic valvular disease seen in the heart station in Vienna between June, 1919, 
and January, 1935. Analysis is made according to age, various types of valvular 
lesion, and size of heart. Comparison with tho general death rate for Austria is 
given, and several interesting facts are set forth: most important among which are 
that (1) for all types of valvular disease together the deatli rate is slightly more 
than two and one-half times the general death rate, (2) combined mitral and aortic 
disease has the liigliest mortality rate (3^4 times the general death rate), and (3) 
aortic disease has the lowest mortality rate (less than twice the general death rate). 
The highest death rate for all types of valvular disease togctlier occurred in the 
fifth decade (4% times the general death rate). 

Many other more detailed comparisons are made, fuo otlicns fle^t'^ve mention. 
The author cannot confirm the statements that the highest death rate, is in the second 
and tliird decades following the rlicumatic groups of infectioms; from lii.s Jigures ho 
decides that death rate depends rather upon the age of the patient. He also found 
that the duration of life becomes rapidly loss with increase in size of the lieart. 

J. M. .S. 


Parhon, C. I., and Ornstein, J.: Preventive Treatment of Artcriosclerosi.s and 
Atheromatosis. Schweiz, med. Wclmschr. 65: IP.).), 

Arterial hypertension and hypercholesterolemia are two iueontcstable factors 
in. tho development of arteriosclerosis arrd atheromatosis. There is suilloionf clinical 
imd experimental basis for considering that certain endocrine dy..fun<-tions are 
cleimitely associated with alterations in the blood cholesterol, namely, disease of 
tho ovaries, suprarenals, and thyroid gland. In exophthalmic goiter th.e mean level 
of the blood cholesterol is 161 mg. for each 100 c.c, of blood, in simple goiter it 
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is 200 m;;.. iind iti iu.yx«(lc*ma it is 190 mg. Other published nrticlcs show that in 
experimental and surgical thyroid deficiency there is an elevation of the blood 
cholesterol. It seems rational to consider that the treatment of hypercholesterolemia 
by the use of thyroid extract can be considered as preventive for the development 
of arteriosclerosis and atheromatosis. Five cases arc reported in wliich the choles- 
terol of the blood was reduced by from 20 to 55 mg. after treatment with thyroxin 
orally, hypodennically. or intravenously. There was also a diminution in the total 
lipoids and fatty acids paralleling the decrease in the blood cholesterol and reduc- 
tion in the water content of the tissue following the administration of thyroid. 

N. W. B. 


Eberhard, T. P.: Effect of Alcohol on Cholesterol-Induced Atherosclerosis in 

Babbits. Arch. Path. 21: 61G, 

Through observation of the effect of alcohol per sc on the rabbit fed cliole.storol, 
the author hoped to shed some light on the widely held impression that drunkards 
do not show so much arteriosclerosis for given age groups as do temperate persons. 

The cholesterol of the blood rose more rapidly and to higher levels in those 
animals wiiich ingested both substances than in those wliich received cholesterol alone, 
't’iio deposition of cholesterol in the tissues of liver and aorta, however, occurred in 
inverse ratio to the blood figures. 

L. H. H. 


Haythom, S. B., Taylor, P. A., Crago, H. W., and Burrier, A. Z.; Comparative 

Chemical and Histological Examinations of Aortas for Calcium Content. Am. 

.1. Path. 12: 2So’, Itmti. 

.\s a result of careful chemical dctcrniiiiutions of metallic calcium and micro- 
chcmiiral studies for risible culciuni on fifty-two aortas from jiatients of varying ages, 
the authors found a consisdent increase of calcium in aortas of patients beyond 
middle ago in excess of that of otlier body tissue.s. 

\ on Ko.-'sa V silver iiictliod was found tlic most satisfactory microscopic indicator 
of the comparative amount.s of calcium in sclerotic lesions. 

The lie:iviest calcium deposits were in the abdominal portion. Positive niicro- 
.‘•'•opic began at the age of forty years and were 100 per cent positive in the 
specimens from patients between si.xty one and seventy years of age. 

Mild intimal le.sions may occur without any increase in calcium by chemical 
analy.sis. 

L. H. II. 


Hallock, Phillip; ArteriosclerosLs in Young Diabetics. A Method for Its Eecogni- 
tion by Arterial Elasticity Measurements. Am. .T. M. Sc. 192: .371, 1936. 

liic pulse-wa\o velocity mciliod was utilized in studying arterial elasticity in 
the large and medium sized artcrie.s of twenty-two young diabetics. To test the 
.-’.gTiifican-e of the pulse-v,ave velocities obtained in this study the well-known Chi- 
siiti.iTo tisst v,!is emidoyed, Mdiilo the values for the transmission of the aortic 
pn!-e ^vavc did not indicate any significant changes from tlie normal, tliose for the 
tran-missiou oi liie radial pul.«e wave were definitely significant. 

Till .i(, .'tu.c either initiates early, or acceltrate.s tlie development of [irema- 

f-ire. artcriorM-h-rosis in the young adult. 


Axrriior:. 
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Diifif, G. Lyman: The Nature of Experimental Cholesterol Arteriosclerosis in the 

Eahhit. Arch. Path. 22: 161, in:t6. 

When arteriosclero.'^is was produce*! in rabb'us after the luelhod of Auitsciilanv. 
the first appearance of deposits of anisotropic lipoids occurro*! in spontaneous niediid 
lesions of the aorta. Such spontaneous lesions remriincd free from such deposit.^ 
in tlie control animals, to which no cliolesterol fed rabbit deposits lipoid first at 
tlie site of an arterial injury. 

Pliotomicrngraphs and descriptions of tiie arteries arc presented. 

.VUTitou. 

Pickering, G. W.: The Peripheral Resistance in Persistent Arterial Hyperten.sion. 

Clin. Science. 2; 205), 1936. 

Under similar environmental conditions the rate of blooil flow tbrotigb the fore- 
arm is the same in sultjects with essential hypertension, malignant hypertension, 
and chronic nephritis with hypertension as in sultjocts with normal blood pres- 
sures. The resistance ofCercd by the ve.ssels of the forearm is increased in these 
conditions owing to vasoconstriction, the blood viscosity being normal or 1es.< 
than normal. The increased vascular resistance is of such an order that, if gen- 
erally distributed throughout the l)ody, it would account for the levels of arterial 
pressure observed. After periods of circulatory arrest hasting ii]» to ten minutes, 
the rate of blood flow through the forearm increases to the same extent in sub- 
jects with persistent hypertension as in normal subjects. It is concluded that in 
chronic nephritis and essential liypertcnsion the abnormal agent narrowing the 
vessels is not nervous. 

U. .A. 


Hutton, J. H.: Hypertension and Diabetes: Their Treatment by Radiotherapy. 

Am. ,T. Roentgenol. 55: S13, 1936. 

For some years, the author has htdicvcl that csscuihil hypertension nml <liabctos 
mellitus are due to some dysfunction, probably overactivity, of the pituitary or 
adrenal glands. He discusses the rationale of this contention and indications for 
treatment with radiotlierapy. For two and a half years, a group of such ])aticnts 
has been treated, using ' vaiying dosages and numbcr.s of treatments, l->oth sides 
of the pituitary and adrenals were treated at the same time. In many oi the 
patients, there was a marked fall in blood pres.<ure an*! alnuist cmnplet*' synij*toin- 
atic relief after the first treatment. In others the favorable re.'*ults were slow, .and 
in a few there was little or no cll'ect from the treatment. There is frwiuently no 
correlation between the relief of the patient .s symptoms and the leuuction in fh<’ 
blood pressure. In certain of the patients there wm-o infer.'sting and favorable 
by-ell‘ects, such as correction of menstrual iiTcgularitics ;ind nlief of vasomotor 
phenomena in women who were treated during the mctiopansal sttilc. Whetlicr th.-so 
eflects are permanent, is not as yet detennined. 

E. A. 11. 


Fall in Blood Pressure During Spinal Anesthesia. Ann. Surg. 


Bradshaw, H. H. 

104; 41, 1936. 

Experiments performed with the u.-e of a v-olore*! solniinn of If pe 
cable crystals on five hcalthr and four completely symputhcctonuren c.-i 

- .1 TT 1?.. r 


*M”!t pro- 




intli' 


irsn o* pro'jnuu; )■= 


that the fall in blood pressure resulting from the stibdund inject i 
diie to paralvsis of the vasoconstrictor nerve fibor.s. In the nnsympatheetonu/.-M 
tmimals, there was a marked fall in hloofl pre-ssure following the subdund 
caine injection but- very little fall in the blood jiressu.e Oi do. .ida i .oin.< i 
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animalH. From observations of tlie faU in blood pressure at different levels, it 
^ould appear that tlie vasoconstrictor fibers from the fifth thoracic level down arc 
the most important factors in the type of blood pressure reaction occurring under 
spinal anesthesia. Measures indicated to prevent this blood pressure fall in humans 

are discussed. _ 


Motley, Lyle: Periarteritis. J. A. M. A. 106: 898, 1936. 

The important features of this case are generalized involvement of somewhat 
migratory character, marked eosinopliilia of peripheral blood, diagnosis during life 
and apparent recoveiy. 

Axjthoe. 


Dnnphy, J. E.t Abdominal Pain of Vascular Origin. Am. J. M. Sc. 192: 109, 1936, 

Evidence is presented to show that vascular disease of the mesentery can cause 
abdominal pain in the absence of gangrene or peritoneal irritation. It is suggested 
that pain so caused is the result of an anoxemia of the intestinal musculature and 
is a true visceral pain conducted by sensorj- neurones in the sympathetic nerves m- 
dcpendently of the musculocutaneous pathways. The importance of recognizing the 
characteristics of this type of pain in the early diagnosis of mesenteric vascular oc- 
clusion (arterial) is emphasized. 

Author. 

Collins, Dean A.: Hypertension From Constriction of the Arteries of Denervated 
Kidneys. Am. .T. Physiol. 116; 616, 1936. 

Experiments in which the arterial blood pressure of male dogs is followed after 
constriction of both renal arteries .and denervation of both kidneys indicate that the 
arteri.al hypertension thus produced is independent of the nervous connections of 
the kidney. The technic employed in constriction of the renal arteries is after the 
method of Dr, F. C. Mann. Completeness of the denervation is checked by liisto- 
iogical examination for the presence of nerves in the structure of the renal pedicle. 
Renal function as tested by the nonprotcin nitrogen and plienolsulphoneplithalein 
renal function test is not significantly altered by bilateral renal artery constriction, 
nor are there any liistological changes observable in the Iddney. 

E. A. II. 

Cohen, Sidney Slater, and Barron, Maurice E.; Thromho-Angiitis Ohllterans With 
Special Reference to Its Abdominal Manifestations. New England J. Med. 214: 
127.1, 1936. 

to the thirty-five published reports of autopsies on patients with thrombo- 
•ingiitis obliterans, the authors add four of their own, Necropsy evidence of 
thromboangiitis obliterans involving the vessels other than those of the extremities 
.las found in several instances, which are grouped as follows; abdominal, 4 cases j 
t'oronary, 2 cases; hypogastric, 1 case; pulmonary-, 1 case; intracranial, 1 case. Ad- 
ditional suniniary i.s given of eleven published cases of presumptive thromhoangiitis 
otfiitejiins of abdominal vessels; necropsies were not performed. One such case is 
added by the authors. It is important to keep in mind the possibility of involve- 
ment of the aiidominal vessels when acute abdominal cri.scs occur in patients with 
thromboangiitis obliterans. 


H. M. 
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Marx, H.: Diseases of the Arterial System; Newer Expcriment-al Results. 

Deutsche med. Wchu.schr. 1: ii02, ID.S.-). 

It is possible through stimulution of the hypophysial system to ].rodo<-c dis- 
turbances in renal function and an increase in blood pressure. In the blood, and 
particularly in the urine, of individuals with kidney di-'^ease, substances wjn be 
demonstrated which produce hematuria and hypertension and inliibition of diure.'^is 
similar to that produced by the posterior lobe liormone. Disturbance in tlie central 
regulation is not the only factor in the pathogenesis of kidney and blood vessel 
disease but other factors, such as infection, central nervous disturbances, and 
hormones, are important. There is a coordination of the various factors. All of 
them must be sought for and determined. The treatment of patients then is 
dependent upon all of these. 

A. 

Dittrich, E. J.: Peripheral Vascular Disease With Gangrene of Extremities. Am. 

J. Surg. 32: 533, 1936. 

A vasospasm in a child of four years leading to serious tropliic changes in hands 
and feet was relieved by surgical removal of masses of fat and fibrous tissue cn- 
croacliing on the cervical and lumbosacral cord. 

L. H. H. 

Pyro, Eeinhold: Significance of Various Types of Massive Limb Injury in Pro- 
ducing Gangrene. Ztschr. f. KreislaulTorsch. 28: 305, 1936. 

The case reports include instances of frost-bite followed after an interval by 
gangrene caused by endarteritis obliterans and tlurombosis, one case of Raynaud's 
disease with gangrene, one of erythromelalgia and one of cutis marmorata. A 
polemical discussion of the mechanisms involved is presented. 

L. N. K. 


Murray, D. W. Gordon: Embolism in Peripheral Arteries. Canad. JI. A. J. 35: 

61, 1936. 

The author reviews the records of the Toronto General Hospital for the past five 
years, showing 126 cases of arterial embolism. He analyzes the series statistically 
and describes the important symptoms for diagnosis of such cases. Of these, ho 
discusses fully pain, the color, temperatn~e, sensory* changes, par.aly.=is, and pulsa- 
tions in the affected part. . He bcUeves the diagnosis can usually be made without 
difficulty by* careful observation of the clinical signs and symptoms. 

In early cases embolectomy offers good results while neglected cases usually termi- 
nate with amputation or death. 


nm-mig^ P. R.: Periarteritis Nodosa. Ann. Int. Med. 10. 105, 1930. 

A case of periarteritis nodosa diagnosed during life and confirmed by biopsy i. 
■ported The strildng features were a long period of ill health with pers-rie.at 
u-er, peripheral neuritis, muscular atrophy, renal impairment, gastrointestma! swap- 
mis, and marasmus. Arsenic therapy reduced the temperature to normal but did 
)t relieve the s.vraptoms or arrest the progress of the disease. F a -w 
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Lsvrfs, T.: Pain as an Earlj* Symptom of Arterial Emliolism and Its Causation. 
Clin. Se. 2: 237, lOSO. 

T!n! curly uml offcn severe pain of ombnlisiu, or arterial llwombosis, is considered 
ro he il;e result or ischemia of muscles in the limb. This conclusion has been based 
upon the facts that the pain is u.siir.lly felt in the limb distal to the obstruction and 
because in nonmuscular organs, as the brain, lungs, and spleen, embolism or throm- 
bosis i.s usually painless. The author obtained thi.s information from a review 
of the Jitcmtine and bv diroel ok-ervation on a number of bi.s p.atients. 

E. A. H. 


Edwards, H. T.: Lactic Acid in Eest and Work at High Altitude. Am. .T. Pliysiol. 

IIG: .307. 1030. 

Kesting lactic acid values determined on blood drawn in the morning before 
rising show an initial slight rise over sea level values on going to high altitudes. 
Sea level values arc found after acclimatization even at (5.14 km., where arterial 
saturations range between .35 and 70 per cent. 

.Stan<lard work performances, on first going to high altitudes, produce greater 
rises in blood lactic acid than at .‘■ea level. After acclimatization lactic acid value.s 
similar to those at sea level are found for a given performance. The ability to per- 
form work is lessened progressively with increase in altitude, hence also tlie ability 
to aec.umulate lactic acid. Only slight increasc.s over rest values of lactic acid are 
found tluring work at G.14 km. 

Tlie inability to accuniuiato barge amounts of lactic acid at high altitudes sug- 
gests a protective mechtmisin preventing an already low arterial saturation from 
becoming markedly lower I;>y shift of the oxygen dissociation curve through acid 
eilecl. It may be that the protective mechani.sm lies in an inadequate o-xygon supply 
to e.''Se«tial uu\scles, e.g., the diaphragm or the heart. 

AuTiion. 


WiLson, H. C,: The Relation Between Khytlimic Variations in Blood Pressure and 

Bhythmic Contractions of the Artery of the Ear of Babbits and Dogs. Am. 

.T. Physiol. 116: 29.5. 193f,. 

the spoot.'ineous rhythmic contractions in the main artery in the rabbit ’.s ear 
have f.-een studied in the preformed transparent chamber by Clark and Clark, and 
Uiboi) and otluT.'-'. In a new serie.' of exjieriments simultaneous records of the 
tilood [■res.'iure and observation of coni ni<-i ions of the main artery of the car in 
rabbits ami dogs h:ivo been made. In nil of the e.xperinients in this study when- 
ever there were definite waves in the blood pressure, there were synchronous rhythmic 
contractions in tlie main artery of the animal's ear. It is impossible that the 
changes in the ear artery alone could account for the. magnitude of the changes in 
the general Idood pre.^stire. Probably rhythmic changes in the blood vc.sscls in 
%.'irio!j.s jtart.s of the i>ody arc the cause of the blood pres.sure wavc.s previously 
desenbed. This would rule out a local origin for this plienomenon but not the 
pos.'ibility of some chemical agent being rcsiionsible for these rhythmic changes. 
Iht inliibitorj elTcet of anesthetics and the stimulating effect of morphine on these 
rliytlunic contractions are ilcscribed. 

E, A. IL 


Ms.hotner, II. A., and Och.sner, A.: A New Test for Evaluating Circulation in the 
Venou.-; Sy.stcin of the Lower Extremity Affected by Varicosities. Arch. Sure. 
S-l; 171K Ih.fk 


Tio- 

CUS-e.). 


Ciinerit 
A new 


le.'.s u.-e,] for ev.'dtiation of circulation in v.aricose veins are dis- 
is described for determining the direction of flow of blood in 
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the venous system in the lower extremities atTcctofl by varieosities and for determin- 
ing the competency of the valves of the long saplienous vein and tlse connwiting 
veins between the superficial and deep systems of the tliigh. The test is of rnlue in 
determining the most suitable type of therapy and the possibilities of reeurrenee 
after treatment. 

E. A. If. 

!► 

Saylor, Leslie L., and Wright, Irving S.: Studies on Two Cases of Urticaria From 

Cold Sensitivity and of the Effect of Histamine Treatment. Am. .T. ^r. Sc. 192; 

388, 1936. 

Two cases of urticaria, both in females, from cold sensitivity are reported. 

In the first case rather e.xtensive experimental studies were possible. The 
beneficial effects of histamine treatment were observed. 

That the reaction occurred at an unusually liigh skin temperature in tliis ease 
M’as demonstrated. 

Experiment points toward the humoral hj-potliesis of cause of reaction. 

The second case is reported primarih' because of the complete collapse when 
the x^atient was swimming in cold water. 

AuTnon. 


Robertson, Harold F., and Fetter, Ferdinand: The Effect of Venesection on Ar- 
terial, Spinal Fluid, and Venous Pressures With Especial Reference to Failure 
of the Left and Right Heart. J. Clin. Inve.stigation 14: 306, 1936. 

. A series of experiments was carried out to determine the relation of arterial, 
spinal fluid, and venous x>i'essures before and after venesection. 

It was found in right heart failure that venous and spimil fluid pros.su res were 
elevated and related with respect to fall of pressures induced by vene.''Oction. I'lie 
variation in the ratio between the two inossure.s is shown by the divergem;o.s frotn 
a linear distribution. 

The spinal fluid pressure was elevated above normal in 32 per cent and 85 ]>cr 
cent of left and right heart failure.s, respectively. Xo correlation obtained between 
the arterial blood pressure and the venous or spinal fluid pre.«suros in either right 
or left cardiac incompetence. The venous and spinal fluid i>rcs.^ures were tmcorrolated 
in faUure of the left heart. The spinal pressure was greater than the vomm.s 
pressure in all of 140 observations made on 35 patients. 

Auxiion. 


Greene, Charles W.: The Nervous Control of the Coronary Circulation and Its 

Clinical Significance. South. ]\1. J. 29: 4<S, ,19.56. 

The coronary blood vessels are richly sui)i)licd witli eiiorcmt. ncuron.‘< of badli 
coronary dilator and coronary constrictor type. Of these, the coronary dilator 
neurons are greater in mass effect, more definite in phy.dological (mntrni, mid must 
obviously serve the primary function of increasing the coronary flon during nug- 
mented myocardial work. 

Coronary constrictor mechanisms, on the other liand, are moR' limued, the re- 
action is less voluminous; but in extreme dcvelo]mienl this portion of tin' eardm.- 
mechanism rnav play an important part in producing tutacks <,£ fttncliomrl angina. 

The now concept, that these two great e.oromuy nerve meelian.,-ms a.te dciwt^Udy 
controUed by very definite and siK’cific retiex nervous mc-banisnis ,n adaptati-m 
to every delicate changing activity- of the whole bod\. lias* rcjKXc,-. .at, 

•coronary' dilator in type; nevertheless there may occur nsso<uated refi-x f.utwnuy 

cornstrictions. 
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In putliologj- of the myocardium, and especially of the coronarj’ vessels, struc- 
tural changes inentahly reduce physiological resilience and delicacy of adaptive 
response. Under conditions in "which the normal animal reacts hy increases in the 
coronary circulation corresponding to the increase in myocardial "work, the patho- 
logical heart cannot give the corresponding dilatations of the coronary arterial 
system. Hence there is failure of adequate coronary blood flow, and cardiac asphyx- 
iation follows. O.vygen want is induced with the resulting spasms of^pain. 

Of the two processes which can induce anginal attacks, the overfunctional activ- 
ity of the reflex coronary constrictor mechanisms seems to be of lesser significance 
than the blocking of functional dilatations by pathology of the vessel walls. 

AtJTnoR. 

Albrecht, H. TJ.: Concerning the X-ray Diagnosis of Aneurysms of the Sinus 

Valsalvae of the Aorta. Fortschr. a. d. Geb. d. Eontgenstrahlcn 53: 218, 1936. 

This report is based on three cases, one of which is proved by autopsy. The author 
discusse.s the radiological signs of aneurysm of the sinus valsalvae. They occur more 
commonly in the right sinus valsalvae and develop on the right side or anteriorly. 
They arc found roentgcnologically as saclike shadows protruding into the right lung 
field or into the anterior mediastinum, where they may produce erosions of the 
the aortic valve was made during life. 

A"DTH0R. 


Delhenn, L., and Fischgold, H.: Four Years of Cardiovascular Eadioksmiography. 

Fortschr. a. d. Gob. d. Eontgenstrahlcn 53: 223, 1936, 

The main diagnostic advantages of the kymograpliic method arc its ability to 
diiTerentiatc between aortic aneurysm and mediastinal diseases, to detect diseases 
r)f the pulmonary artery, and to differentiate between the vena cava and the organs 
which contribute to the formation of the cardiovascular silhouette. The method 
allows one to judge the tonicity and the contractile power of the left ventricle and to 
analyze the occurrences of extra.systoles, pulsus altemans, and bigeminus. 

F. B. 


Dahm, M., and Meese, J.: Concerning the Movement of the Mediastinum in Aortic 
Aneurysm. Fortschr. a. d. Geb. d. Eontgenstrahlen 53: 265, 1936. 

This is a report of observations of aneurysms of the arcus aorta with stenosis of 
the left main bronchus with demonstration of the movement of the mediastinum 
nb.'-erved in the kymogram. A difference exists in the kymographic appearance of 
the mediastinal movement in lung tumors and in aortic aneury.ems. 

F. B. 

Blackford, L. Minor, Bryan, ‘WilUam W., and Hollar, Emory D.: Calcification of 
the Aortic Valve. J. A. M. A. 107: 18, 1936. 

In .4 negro, aged thirty-.«-evcn year.", with a long liistory of cardiac pain and a 
relatively .short iiistory of conge.stive heart failure, the diagnosis of calcification of 
“(■•'rnum. 

F. B. 

Leriche. Eeno, and Fontaine, Eene: Indications, Results and Technic in Arteriec- 
tomy. Prcs.'-e nu-d. 97: lOa.l, 193-5. 

Astonvi'tomy was perforuied in SO eases by the authors during ten years. When 
;-.u arten- Incomes thrombosed, it.s function not only ceases, but it may also act 
ns a focus for peripheral va.=oconstriction. Arteriectomy is followed fay definite 
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and lasting vasodilatation as shown by changes in skin temperature and bv artcriog- 
laphy. Experiments on dogs show that localized obstruction of an arterj* produces 
much more impairment of -circulation than resection does. Tlirombosis in large 
arteries is likely to produce not only peripheral vasoconstriction but also seoondarv 
peripheral arterial thrombosis at a distance and without continuity with the original 
thrombosis. Eesection of the obliterated arterial segment prevents the vasospasms 
and produces definite vasodilatation. 

In carrying out the resection of the thrombosed artery, it is neeessan.* tliat the 
entire thrombosed segment be removed. Therefore, if the thrombosis is very extensive, 
resection may be impossible. At the onset of thrombosis, the obliteration may be 
quite limited, and surgical intervention should be carried out early before thrombosi.S 
has extended. Localization of the lesion is possible only by arteriography. Arterioc- 
tomy should be done only if the obliteration in the artery is complete. It is 
necessary that the arterial resection be carried out without injuring the origin of 
the neighboring collateral arteries above and below the lesion. Artericctorny was 
carried out in four cases of traumatic obliterations of arteries. Surgical intervention 
.should not be delayed in such cases. Arteriectomy is valuable in treatment of Volk- 
mann’s syndrome and of thromboses secondary to corrical rib. If embolectoniy is not 
possible due to delay in seeing the patient, arteriectomy may be the method of choice 
in tlie treatment of embolic occlusion. However, in cases in which much time ha.s 
elapsed and there are signs of impending gangrene, the operation is not .successful. 
In sjq)hilitic arteritis the operation was performed twice, but the subjects died of 
coronary occlusion. In thromboangiitis obliterans, 34 arteriectomics were done, with 
10 failures; 7 had transient improvement of at least three months' duration; 2 had 
good results, but were not restored to work; and 6 had very good results with di.'s- 
appearance of symptoms and were able to resume their occupations. In arterio- 
sclerosis obliterans, the results were even better, althougli one patient of the 34 
operated on died of gas gangrene. Eight had excellent results, 10 good re.'^ults, 8 
transient benefit only, and 2 showed failures. Operations were often done in the 
advanced stage of obliterative arterial disease. The arteries upon which the opera- 
tions were performed were as follows: superficial femoral, GO; external iliac, .3; 
popliteal, 5; brachial, 9; posterior tibial, 2; anterior cubital, 1. Artericetoray of 
the posterior tibial and popliteal arteries may be attended with serious complications, 
particularly if the obliterative disease is extensive. The best results have attended the 
resection of the .superficial femoral artery. Eecognition of the localization of the 
lesions in this vessel can be made by arteriography, and the author.^! operate onl% 
after they have made arteriograms with thorium dio.xide. Tliis allows them to note 
the exact location of the obliteration, its extent, and the condition of the colhueral 
circulation. If arteriography shows a very poor collateral circulation, arferic.-'tomy is 
not performed. 

The technic of the operation for arteriectomy of the supcrficia.l femoral artery 
is described. 


X. W. Ik 



Book Review 


CwNU'Ai. IIhakt Diskask. By Samuel A. Levine, M.D., F.A.C.P. Pliiladelphia and 

London, \V. B. Saundert; Company, 445 pages, 97 figures. 

The author states that the purpose of the book i.s to present, in a simple form, the 
important a.spects of the diagnosis, prognosis, and treatment of heart disease. It is 
meant to appeal to the general praetifioncr. No attempt was made to cover in detail 
the entire field of cardiovascular di.sea.se. None of the usual plans of arrangement 
were adopted. Each chapter is to be regarded as distinct in itself, a brief treatise 
on the suViject. No bibliographic references are included. 

The .author writes intere.stingly. He has a .simple, direct, literary style, knowledge 
of his subject, original ideas, and willingne.ss to make dogmatic statements. These 
qu.ilities make his book a pleasure to read. Mo.st intcre.sting of all are the author’s 
views on matters not yet fnlh' cstabli.shed. The fact that mo.st views regarding dis- 
ease, unsupported by jiroof, are sooner or later found to be wrong docs not les.sen 
one's interest in reading them. 

The chapter on (dinical electrocardiography is particularly good, and the reviewer 
is glad to state that he met with no success in detecting errors of interpretation. 
The chajiters on rheumatic fever and the dei’clopment of rheumatic heart disease, 
angina iiecforis and coronary thrombosis will prove jiarticnlarly useful for the general 
prai'titioner. On the other hand, a few adverse comments seem justified. It is to be 
regretted that there is no chapter on cardiac roentgenography. Cardiovascular 
syjihilis. altlumgh it may not flouri.'ili in the austere atmosphere of Bo.ston, would 
.seem important enough, nevertheless, to warrant more than six pages of discus.sion 
in a bonk on heart disease. Nearly all articles on coronary arteriosclerosis and 
its complii-ations are contrihuted hy sjipcialists who are likely to be consulted for 
attacks of stenocardia. This makes them flirow angina pectoris ,and coronary 
ihromho.sis into the s|iotlight, whereas the.we proce.-^.ses are in reality merely inter- 
mediate or lenninal epi.“odes in the relentless niareh of coronary arteriosclerosis to- 
ward heart iailure. Tliis hook is no exeejilion to the rule. One does not obtain 
an adequate picture of tins important disease. 

The book may be read with jirofil not only by general practitioners who wish to 
acquaint them.^clves with the subject of cardiology, but also by internists, including 
c.ardiologists. As a matter of fact, one ventures to predict that the cardiologists, 
especially ilio..:e who are :i little weak on the clinic.al side, will derive as much benefit 
as invyone else. 

C. C. W. 


Erratum 


in the artiide. 


he Ih-lationship of Tachycardia to Cardiac Insufficiency,” by 
D.i w Luten. M. I)., in the October i.ssiie of tlie .lontXAt,, the sentence beginning on 
line 1*. page ill, vkr.u],] reail. "It is known that as the mtrirlr failfi, irritability 


t:. m „,3,j 


unjirovemenl it dimini.>;li(:s again.’’ 
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“the right ventricle, in consequence, is compelled to contract against 
a greater load; it then passes through the same phases of cardiac 
sti^in as the left.” We hai^e, tlien, an adequate explanation for right 
ventricular enlargement when the left ventricle has been the primary 
seat of the strain. According to Wiggers, “the enlargement may affect 
the entire heart, but naturally oceuns predominantly in the ventricle 
which is called upon to bear the brunt of the excess work.” There 
is no doubt that this statement is true, but two eases^' have recently 
come to our attention in which the predominant hj^pertrophy was on 
the right side, while the left side had been the primary seat of the 
strain. We sliall review them briefly, 

Tlie first case vtus a man, aged forty-three years, ivith aortic stenosis and insuf- 
ficiency without other vahmlar disease, rvlio liad had marked congestive failure of 
both ventricles for eighteen months. The electrocardiogram revealed right axis 
deviation of marked degree. At post-mortem examination there was actually pre- 
ponderant hj'pcrtrophy of the riglit ventricle, its wall measuring 8 mm. in thickne.s.s 
(normal .I), while the left measured 17 (normal 10). The heart was markedly en- 
larged, it.s weight being 910 gm. ITo factor producing primary right ventricular 
strain was found. 

TIio second case was similar. The patient was a man, aged thirty-eight years, wlio 
had had severe congestive failure of both ventricles for three months. He also had 
aortic stenosis and insuflicicncy, and his electrocardiogram revealed a moderate 
degree of right axis deviation. Again the right ventricle was preponderantly hyper- 
trophied, its wall mca.siiring 11 mm., while the left measured 22 mrn. The heart 
weighed 750 gni. 


Obviously 'these two cases do not repi’csent a usual occurrence in 
left ventricular strain, but tliej' do demon.strate that the side of the 
heart which is free from tlie primary strain may be not only con- 
siderably hypertrophied, but that its hypertrophy may actually be 
preponderant. 


The present .study is concerned with the causes of hypertrophy of 
Ihe right ventricle and the importance of pure left ventricular strain 
in producing this hypertrophy. Our procedure lias been to study cases 
in which I'ight ventricular hypertropliy had been demonstrated at 
po.«{-mortem examination, and to determine, from both the clinical 
and the post-mortem data, the seat of the strain. We are eoncei’ned, 
Ihen, uilh right ventricular hypertrophy per se, and not with pre- 
pondciant hypertrophy, since, for the moment, the degree of left ven- 
tricular liyperlrophy remain-s out of consideration. 

The protocols of 2,524 consecutive autopsies at the Massachusetts 
Hospital! were reviewed, and all eases in which the right 
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ventricular wall measured 5 mm/^ or more in tliicloiess were selected 
for study. Partial examinations which did not include the lieart and 
examinations of infants and children were excluded (a total of 524 
cases), so that 2,000 adult hearts remained for review. Among these 
2,000 eases there were 704 with hypertrophy of the right ventricle. 
These 704 cases were then dimded into four groups; first, those in 
which there had been primary right ventricular strain; second, those 
with primary left ventricular strain ; third, those with primary strain on 
both sides of the heart; and fourth, those in which we could lind no 
clear factor of strain on either side of the lieart. The factors that we 
have considered responsible for these various kinds of strain are shown 
in Table I. 

Table I 

Factors Producixg Strain on the Heart 


PRIMARY left 
ventricular strain 
Arterial hypertension 
Aortic stenosis 
Aortic insufficiency 
Infarction of the left 
ventricle 


PRIMARY RIGHT 
A’ENTRICULAR STRAIN 

Mitral stenosis 
Pulmonic valve stenosis 
Pulmonic valve insuf- 
ficiency 

Pulmonary endarteritis 
Organic tricuspid insuf- 
ficiency 

Marked pulmonary fibrosis 
Marked pulmonary 
emphysema 


PRIMiUlY STRAIN ON 
BOTH- VENTRICLES 

Mitral insufficiency 
iMultiple valvular disease 
(chiefly aortic and 
mitral) 

Severe anemia 
Arterial hypertension, aor- 
tic valve disease, or 
njyocnrdial infarction 
phta factors producing 
right ventricular strain 


PRIMARY STR.VIN ON LEFT VEN TRICLE AND SECONPARY STRAIN ON RIGHT VENTRICLE 
Factors listed in the first column above plus failure of the left ventriclo 


Table II shows tlie uumber of cases in each of these groups, eacli 
group being divided according to the degree of right ventricular 
hypertrophy as shown by the thickness of the wall. 

In about one-fourth of the cases, those in the last column, we could 
find no factor of strain which allowed us to place them in one of the 
other groups. Mauy of these hearts had coronary artery disease with- 
ont occlusion , or mAmcardial infarction, cases which perhaps might 
fairly have been classed as having left ventricular strain (since the 
coronary supply to the left ventricle is ordinarily more extensi\ ely 
involved in a sclerotic jirocess than is that to the right), but without 
infaretioii of the left ventricle we liave not felt ourselves justified in 
so grouping them. Without doubt, some of the patients vho.se Jieaits 
we have listed as having been under no strain did ha^e arterial Inpei- 
tension, their blood pressures being normal or low while they were in 


•This Uiickness was chosen on the basis that the normal rishl ventricle Ttr, rvsur..« 
3 and sometimes 4 mm. in thickness. 

The thickness of the right '•entricnlar wall is roxHmely nw pMnl on tin 

interior surface midway between the apex and the ba. e oi t „ - . ^ 
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Table II 


CL.\ssincATroN' of Cases ix ‘Which the Right Vextkiculae Wall Measured 5 mm. 

OR AIOUE IX Tihckxess 
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25 


57 
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12 


37 
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40 
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77 

7 


21 

30 

13 

S mm. 

42 

fi 


10 

16 

4 

9 ram. 

12 

2 


1 

8 

1 

10 mm. 

S 

2 


5 

1 

0 

11 mm. 

8 

0 


0 

2 

0 

12 mm. 

5 

2 


2 

1 

0 

mm. 

1 

0 


1 

0 

0 

1-1 mtn. 

2 

1 


1 

0 

0 

K) inm. 

1 

1 


0 

0 

0 

Total 

704 

04 


141 

320 

173 


tlie moribund .state presented during tlieir .stay in the lio.spital. Again, 
nnqne.stionably there ai*e a number of normal hearts in this eoltimn, 
hearts Avith a normal weight from patients Avithont clinical or patho- 
logical evidence of heart disease. This latter group leads ns to be- 
lieve that in a feAv instances the normal right A’^entricle may measure 
as mncli as 5 mm. in thiekne.ss. 

For purposes of comparison avc have combined the cases AAdtli pure 
right ventricxdar strain Avith those in Avhieh there Avas strain on both 
sides of the lieart, so that all cases until any element of primary right- 
sided strain may be compared Avith those in Avhich there Avas pure 
left-sided strain. This comparison is .shoAini in Table III. In about 
G1 per cent of the eases Avith right A’^entrieidar hyperti’ophy, the cause 

Table III 

All Cases AVitii .Stflmx. Ga.ses With Premara' Right A^extricular Straix axd 
Those AATtii Prlmary Straix ox Both A^extricle.s H.w: Beex Combixed for 
Comparisox AATtii Those Having Pure Left A’'extricular Stp.^\.in 


RIGHT 

VKXTRICUL.Mt 

WALL 

TOTAL AVITH 

RIGHT VENTRICULAR 

STRAIN 

PURE LEFT 
A'ENTRTCULAR 
STRAIN 

5 mm. 

82 

154 

0 mm. 

49 

108 

7 mm. 

28 

30 

8 mm. 

22 

10 

9 inm. 

•> 

•* 

8 

10 mm. 

t 

1 

11 mill. 

0 

O 

12 mm. 

4 

1 

13 mm. 

1 

0 

14 mm. 

O 

0 

10 mm. 

1 

0 

Total 

20.1 

320 ~ 
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is seen to be strain on the left ventricle. This figure would very likely 
be e\en gi eater if we had considered coronary artery disease without 
myocardial infarction as a cause of left ventricular strain, and if the 
antecedent blood iiressnres in the moribund patients were known. 

Inspection of Table III shows that when a high degree of hyper- 
trophy of the right ventricle is found, there has probably been some 
factor producing primary right ventricular strain. In Table IV we 
have added together all cases in which the right ventricular wall 
measured 5 niin. or more, 6 mm. or more, and so on. It is apjiarent that 
even when the measurement is 6 mm. or more, left ventncular strain 
is still the more important cause. IVhen measurements of 7 mm. or 
more are considered, there are approximately equal numbers of eases 
in both groups. It is only when marked hy]iertrophy with measure- 
ments of 8 or 9 mm. or more is considered that primary right ventricu- 
lar strain becomes appreciably more frequent as the cause. It is 
notable, however, that measurements as great as 32 mm. for the right 
ventricle were found when the strain had been at first purel.v left- 
sided. 

Tabu: IY 


lyeORTANCE OF PfRE LEFT VEXTRirCLAR STRAIN I.V PRODI.'CI.VO THE VaKIOFS DeOREES 

OF Eight Ventricular Hytertrophy 


jUA cases with 

THE RIGHT WALL 

.MEASURING 

NU.MBEI: 

OF CA.SES 

RIGHT 

ventricular 

STRAIN 

PURE LEIT 
VENTRICUL.VP, 

STRAIN 

5 mm. or more 

205 

?.2G 

0 mm. or more 

32.1 

272 

7 mni. or more 

74 

04 

S mm. or more 

40 

2S 

9 mm. or more 

24 

12 

10 mm. or more 

23 

4 

11 mm. or more 

34 

»> 

12 mm. or more 

S 

1 

l.^> mm. or more 

4 

0 


Effcci of Failure of ihc Left Ventricle Upon the Degree of Right 
Ventricular Hypertrophy. — Pre.sumably, when the left ventricle is 
under the strain of arterial hypertension, aortic valvular disease, or 
myocardial infarction, this strain should not produce pulmonary en- 
gorgement and secondary right ventricular strain .so long as the. left 
ventricle is able to adjust itself to this strain. AVe should not, then, 
ex]ieet to find hypertrophy of the right ventricle under such eireuni- 
stances. In order to study this ]ioint. we have reviewed all ea.ses in tiic 
files of the Alassaehu.setts General Hospital Department of Patholoe-y 
which had been diagnosed liypertensive heart disease, aortic valvular 
disease, and old infarction of the left ventricle. These ease.s were se- 
lected without regard to the pre.sence or ab.sence of hypertrophy of the 
right ventricle. The clinical records were then examined for symp- 
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toms and sicns of heart failure. Dyspnea, even ivithout othei symp- 
toms or siQrns, was considered evidence of left ventricular failure, and 
was usually the first to appear. The cases were then dmded into two 
groups ; fil'st, those which had never had failure, or had had it only 
as a terminal event, beginning in no instance more than two weeks 
before death ; and second, those which had had symptoms or signs of 
left A'entrieular failure for tivo months or more. This period of two 
months was arbitrarily chosen because we felt that it should be suffi- 
cient to allow hypertrophy of the right ventricle in response to a 
newly imposed strain. A large intermediate group was discarded. 
Table Y shows the avei’age thickness of the right ventricular wall in 
tliese two groups. 

Table V 

Cases With Pure Left Ventricular Strain- 



number of 

average thickness 

OF RIGHT 


cases 

VENTRICULAR WALL 

No clinical evidence of failure 

44 

4.8 mm. 

Failure of left ventricle 

91 

5.5 mm. 


Two things arc evident from Table V : first, that in cases with pure 
left ventricular strain, the right ventricle hypertrophies regardless of 
the presence or absence of clinical evidence of failure of the left ven- 
tricle; and second, that the supei'impo.sition of failure adds to the 
degree of right ventricular hypertrophy. The explanation for this 
second fact is obvious and in accord with what was anticipated. Why 
right ventricular liypertrophy should occur in well-compensated left 
lentrieular strain is not at first entirely elear. Very likelj’" some of 
the eases we classed as showing no failure did have failure, and the 
tacts were not accurately recorded in the ease histories, but this 
sliould not be so in any appreciable number of them. More probably, 
theie is fiequently a state of slight pulmonary vascular engorgement, 
and consequent strain on the right ventricle, in cases with pure left- 
•sKled strain, even though dilatation of the left ventricle and mitral 
ring has not occurred and there is no functional mitral regurgitation, 
i slight increase in pulmonary arterial pressure, withoitt more evi- 
dence than that of failure of the left ventricle, would then seem likely 
and IS ni keeping with the observed facts. 

Vomparison of the Degree of Right Ventricular Eypertrophy in Pure 
Left Ventricular Strain With That in RighUSided Strain.— For this 
comparison, an additional group of eases having primary right ventricu- 
lar .strain was selected from the filc.s, no attention being given to the 
presence or absence of right ventricular hypertrophy. These were 
sum ar I di\idcd into two groups, those without .symptoms or signs 
or imlmonary engm-gement (such as might result from the obstruc- 
lon tau.se ij mitral stenosis), and those with such symptoms or 
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signs for two months or more. The averages are sliowii in Table VI. 
It is evident again that pnlmonaiy engorgement increases t]ic degree 
of hj^pertrophy seen in the rigiit ventricle. It is worthy of note, how- 
ever, that on the average, the right ventricle is liypertropliied almost 
as much in well-compensated left ventricular strain as it is when there 
has been primary right ventricular strain, as shown by the two aver- 
age figures, 4.8 and 5.0 mm. It seems reasonable, therefore, to regard 
an average thickness of 4.8 mm. for the right vcnti-ieular wall as 
indicative of hypertrophy. 

T.\bi.k VI 


av5;ragk 

THiciornss 



NUMBER 

OF CA.SES 

OF RIGHT 
VENTRirUI.AR 

WALT, 

Witlioiit obmous failure or pulmonary engorgement 


Right ventricular strain 

47 

5.0 mm. 

Pure left ventricular strain 

44 

4.S mm. 

With failure or pulmonary engorgement 

Right ventricular strain 

51 

0,0 mm. 

Pure left ventricular strain 

91 

5.5 mm. 


Table VII 

Pure Left Vextricular Strai.x: 

Eelatioxship Between the Thickness of the Eight and Left 

Ventricular Wai.i.s" 


K 

1 

2 
o S 

m t. 

cn 

z ^ 

W tH 

o '■ 


(j 


THTCIvNESS OF LEFT VENTRL TI, '.R WALL IS .MILJ.IMETEKS 


8 9 10 11 12 la 14 15 10 17 18 19 2o 21 22 23 24 25 20 27 2S 


o mm. 

6 mm. 

7 mm. 

8 mm. 

9 mpi. 

10 mm. 

11 mm. 

12 mm. 


1-4 
13- 
- - 1 


3 9 9 10 IS 14 15 28 
1 1 2 5 11 12 9 10 


0 

1 


1 - 


17 

12 

4 

<; 


4 

0 

1 

1 

» 


o 

A 


- - 1 

- 2 - 

_ _ 1 


30 32 
2 1 


_ <) _ 


1 I 


_ 1 _ 


of thf‘ 
11 %y;!S 


*Each fleure indicates the number oC cases with a 
ventricular walls; thus, there were IS cases m which the ri^ht \ .ntraiilar yy. 

5 mm. and the left 15 mm. in thickness. 

Preponderant HypcrtropJnj of the Fight Vaifriclc in Pure Left Itn- 
tricnlar Stram.— Table VII shows liiat there were a number of cases 
in which the comparative measurements of the two vcntrieular tva is 
suggest preponderant hypertropin* of the right Acntiu. e t. len le 
.strain had been whollj* left-sided. There were, in fact, cases 

in wliich tiie right ventricle was fully half as thick, as Ib.e left ven- 
tricle. This is a striking relative increase in the thickness ol the right 
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ventricle v'iuni one considers that tiie normal figures are in the neigh- 
borhood of 3 to 4 and 9 to 10 mm. for the right and left walls, re- 
spectively. 

Among the ninety-fonr electrocardiograms without intravejitricnlar 
or hnndlc-branch block that were available in the eases with pure left- 
.sided strain, there were four with right axis deviation and many more 
ihal failed to .show the left deviation that would be expected in such 
.strain. In the foiu' cases with right deviations, the measurements for 
the right and left ventricles were 8 and 16 mm., 6 and 19 mm., 6 and 
25 mm., and 6 and 19 mm. In two of tiiese four cases tliere was con- 
siderable dilatation of the right ventricle, while in two no mention 
was made of the size of the cavities. In the.se cases there was doubtless 
preponderant enlargement of the right ventricle, even though the 
measurements may not prove it. It is unfortunate that more elec- 
trocardiograms were not available, for had there been, additional in- 
.stances of right axis deviation would probably have been found. 


COMMEXT 


IVe are, of co!ir.se. aware of the unreliability of the thickness of a 
ventricular wail as the sole guide to the degree of its hypertrophy. 
Herniiaun and IVilsoif’ in their dissections of fifty-nine hearts, showed 
great variations in tlie weights of the ventricles, when weighed sepa- 
rately, for a given thickness. It is obvious tliat a right ventricle 
measuring hut 4 mm. in tliiekness may have a weight greatl.v above 
tlie normal if the cavity is markedly dilated, and that it may weigh 
even more than a wall measuring 6 or 7 mm. in thickness surrounding 
a cavity of normal size. We believe, however, that our conclusions, 
drawn Irom this large iinmber of cases, are valid, since dilatation of 
(he vigiu side of the heart was .so frequently found in the cases with 
iuereased thickness of tlie right venlrienlar wall. 


Errors in the interpretation of tlie measurements may arise from 
taihu'c to note the .stale of myoeardial rcla.vation or contraction dur- 
ing post-mortem examinntitm, although tliis .should lead to little error 
when dealing wit!) a large serie.s. since it is nncoinnion to find a heart 
in systole at autopsy. In not moi'e than three or four instances was 
.sneh a state noted in our casc.s, wiiile almost invai’iabiy the comment 
a.'!'' made that the myocardium, paigieularly that of the right ven- 
tricle. was rcfa.ved and flabby, dilatation often being marked. 


t\e believe that it is particularly significant that this collection of 
eases efifiies Iroin Xew Hugiand. wliere rhenmalic lieart involvement 
tn.smdly mitral disease which eanses right ventricular .strain) is very 
ef.mmmi. White and .Tones’ found in 1928 that this etiology was re- 
spon^iiije jor ,)4 pei eent of the heart disease in patients coming to 
tne .^lassachnsetts tJenera! JJospjfa! with cardiovascular symptoms. 
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111 otIi6i loGsIitiss, left ventricular strain would lie an even more fre- 
c[uent cause, lelativelA, of right ventricular liypertropliy. 

This study adds weight to the recent work of Harrison’’ in empha- 
sizing the "'back pressure'’ tlieory of congestive heart failure. We 
believe also that it adds emphasis to left ventricular strain and weak- 
ness as a cause of more far-reaching effects tlian is commonly appre- 
ciated, and that strain, liA'pertrophy, and failure of the right ventricle 
are dependent more frequently upon the same processes in the left 
ventricle, which have preceded by some weeks or months, than they 
are upon other factors. We have, then, further corroboration of the 
importance of the recognition of the effects of left ventricular strain 
and of the conception of left ventricular failure, which have so long 
been neglected in English medical literature. 


SUMMARY 


Among 2,000 consecutive post-mortem examinations, 704 cases had 
hypertrophy of the right ventricle to the extent that the wall measured 
5 mm. or more in thickness. In about one-fourth of the.se, no strain 
on either side of the heart was clearly evident. In 61 per cent of the 
remaining cases, the strain on the heart had been due to arterial hyper- 
tension, aortic valvular disease, or infarcts of the left ventricle, and no 
factor jirodiicing primary right ventricular strain eonld be found. 
Left ventricular strain was, then, the commonest cause of hyper- 
trophy of the right veutriele. 

Hjqmrtrophy of the right veutriele was often found in cases with pure 
left-sided strain, regardless of tlie presence or absence of clear clini- 
cal evidence of failure of the left ventricle, but the presence of failure 
increased the degree of hypertrophy. 

The degree of hypertrophy of the rigid ventricle was almost as 
great ill cases with pure left-sided strain as it was when there liad 
been jirimary right-sided strain. 

A few examples of preponderant hn^ei’trophy of the right ventricle 
nmre found in cases with pure left-sided strain in this series, hour 
of the.se had electrocardiograms showing riglit axis doA'iation. We 
have encountered two other similar cases, not in the series analAzed 
above. 
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DISSECTING ANEUEYSJklS OF THE AORTA 

With a Report of Pn'E Cases^ 

Tho:mas M. Peery, M.D. 

Chareestox, S. C. 

D issecting aneuiysms are supposed by most clinicians to be rare 
conditions, of interest only to pathologists. In 2,763 autopsies at 
tlie Roper Hospital from Jan. 1, 1914, to July 1, 1935, there have been 
five cases of dissecting aneurysm of the aorta, an incidence among those 
autopsied of 0.18 per cent. Shennan' reports 11 cases in a total of 1,922 
post-mortem examinations at Aberdeen from January, 1918, to Decem- 
ber, 1932, an incidence of 0.57 per cent. As a matter of fact, dissecting 
aneurysms are probably more common than even iiathologists realize, as 
it is likely that not a few eases of sudden death, commonly ascribed to 
“a heart attack’’ and not autopsied, are of this nature. 

Shennan. in his admii-able survey of the subject in 1934, collected 297 
cases of dissecting aneurysm of the aorta from the literature, including 
tlie famous case of George II, A few cases of dissection have been re- 
ported in the pulmonary artery and a few in peripheral vessels. 

factors leading to dissection 

Jlost of tlie reported cases that are available for study, and in wdiieh 
ease i-ccords are satisfactory, give a previous histoiy of hypertension, 
and cardiac enlargement is usually present. 

Disease of the aortic walls is generally believed to be the most impor- 
tant factor predisposing to dissection. This is usually of the nature of 
an atherosclerosis. As is commonly known, atherosclerosis does its great- 
est damage to the intima and the inner layers of the media, leaving the 
outer portions of the media and the adventitia relatively uninvolved. 
On the other hand, syphilis usually docs its greatest damage in the 
adventitia and the outer coals of the media with relativelj’’ little actual 
weakening of the intima, in spite of its altered appearance. Thus hernia- 
tion of the inner coats through the diseased outer ones, with the forma- 
tion of a saccular aneurysm, is the common thing in syphilis of the aoi’ta, 
while a rupture of the diseased inner coats and a dissection inside of the 
liealthy outer coats oceui's in atherosclerosis. 

\\ ith Ihi.s background of increased blood pressure and arterial disease 
is almost always associated an immediate precipitating factor further 
to elevate the blood pressure. 

Phy.sica! trauma i.s commonly given as the precipitating factor, but, 
as Shennan has pointed out, a severe blow to the chest or the abdomen 
would be more likely to lead to immediate rupture of the aorta. 

v.'.ioUnT F.'Uholo^rj-. MvOical College of the .St.nte of .South 
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Shemian suggests that in many cases the preeipilatmg factor is “in- 
ternal trauma,” such as straining, undue emotion, etc., which may raise 
the blood pressure sufficiently to begin dissection in an aorta whose 
media is already diseased. In a ease reported by White and liis asso- 
ciates,® a lawyer trying a ease in couit. was suddenly seized with agoniz- 
ing pain. Other cases have occurred in patients witli prostatic obstruc- 
tion as they attempted to urinate or in patients during an epileptic con- 
vulsion. It is conceded that none of these circumstances can so raise the 
blood pressure that rupture of the intima of a normal aorta can occur. 



Contrary to what would seem to be the case, the original 
nonly does not occur in immediate relation to an a icioma i . • 

,r nlLr. Of the fifteen eases cKamined i.e.^onally 

four showed an immediate relation to f " ,.„pi„rc 

ivas in the base of an atheromatous ulcer. Ins u , - 

appears to be determined by mechaniea “ “ ' " mil’s eoUceted 

aoita- to particular woreitto in' the asoendinir arch of the 

eases, most of the intimal teais vc qUonirin liolieves that 

aorta or at the site dias.oie 

.... when the aoitic stretchim^ of the ascciidnig aorta, ana 

must, bring about a longitudinal sti 
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must forcibly drive tlie aortic valve, along Avith the origin of the aorta, 
doAvmvard and away from tiie transverse part.” Hence, the intimal 
tears in the ascending aorta are usually transverse. On the other hand, 
. at the ligaraentura one passes from the relath'ely free arch to the 
relatively fi.xed descending aorta, and .... at every pulsation there is a 
hingelike motion at the junction of the two. This implies a local en- 
hanced tendency to wear and tear, and to degeneration of the wall.” 

From the study of several aortas that were thought to be normal both 
gros.sly and microscopically, it is apparent that the aortic wall at the 
insertion of the ligamentum arteriosum is Aveaker than elscAAhere, This 
is anticipated Avhen it is recalled that the old ductus arteriosus must be 
obliterated, a process Avhieh necessarily requires fibrous tissue replace- 
ment. At the site of passage of this band through the AA'alls of the aorta, 
a dimpling of the intima of the aorta can almost alAA'ays be made out 
gro-ssly, and microscopically a band of fibrous ti.ssue passes from this 
dimple through the coats of the aoi’ta, lending to spread out in the 
deeper reaches of the media (Fig. 1). While this is probably the impor- 
tant reason for the predominance of dissecting aneurysms at this point, 
it is probable that the fixation of the aorta at this point is also a factor. 


CHANGES IN THE AOETIG AA'.VLL LEADING TO DISSECTION 

Of the .specific changes in the aortic Avail that precede dissection, it is 
probable that degeneration and inflammation may both plaj’’ a part in 
difiereut cases. Those eases associated AA'ith atherosclerosis are usually 
of a degenerative nature. Shennan has pointed out that “deleterious 
agencies,” acting to produce degeneration of the aorta, Avould be more 
likely to affect the innermost layers of the media than the other portions, 
becau.se of their poorer blood supply. Microscopically the le.sion consists 
of the various changes commonly noted in the intima in atherosclerosis 
(i.e., fatty dejnjsits, hyalinization, calcification) plus rather character- 
istic medial changes. The regular parallel arrangement of the muscular 
and elastic laminae is irregularly interrupted by fibrous tissue, Avhich 
olten n])pear.s hyaline and degenerated. This tis.sue runs obliquely or 
transversely in the media. Occasionally a A’as A'asorum Avill be noted in 
close relation to the fibrous fault, and occasionally this small A'e.ssel Avill 
shoAV evidence of intimal proliferation, AA'ith narroAA'ing of its lumen. In 
.such cases it is {irobable that the fibrous tis.sue in tlie media reprasents 
an area of in.sufficiimt blood supply. In other cases no disease of the 
A-asa i-an he made out. and then the medial change is indefinitely assigned 
to toxic or inefabolic causes. Occasionally .small areas of necrosis are 
noted in the media in eases of athcro-sclorosis; the.se are nsually cres- 
‘‘Cntie in sltape, contain a number of polynioriihonuclear and round cells, 
but lack o(h(T evidences of inflammation. Usually tbosc areas apjiear 
to lie a re.sull of infarction of the aoitie Avail, from obliterated Avisa 
vasorum. 
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111 tlie reported cases in whieli inflammation (and not primary de- 
generation) is thought to be the important agent, syphilis is the' com- 
monest inflammatory process. In 218 cases of recent dissection collected 
by Shennan, syphilitic mesaortitis was thought to be present in 21. In 
the Roper Hospital, where negro patients have a high sypliilis rate, it 
appears that syphilitic mesaortitis is more commonly the background 
for dissection than Shennan ’s figures would indicate. Of tlic five well- 
developed dissections reported here, one was definitely syphilitic and an- 



-r^.„ 2 Ca'?o '’77S0. MoCial necrosis of nort.-i in scpltUis, Such a. lesion as this 

la-oivVhlv exists wlicn .svpliilitic aortitis is the bachprouml for dissection, rather titan 
thf usu'al li^arVing of thi outer coats of the media. (X 20.) 


Other may have been of that nature. There arc several other sections 
of svpliilitic aortas in onr files in which short dis.scetions have occurred, 
and' others iu which it would he very easy to imagine that a dissection 
could take place. Two of these dc.‘terve description. 

077 ^( 0 » .sixty-vpar-old no^ro nmie. dyiii^ of cnruiac dta-otiiiwn.'ntion. 
TIic aorta wa.s irrojiularly diluted. o«:pc--ialh- nlioat the oritieo of the ipaorniruite 
nrtorv tvlsoro there wa.s a Htnall fminel-shaped antniry.-m. Grossly tlie intitiu*. ivus 
verv roughened and nodtdar, and the adventitia sluired in the general tluekerdng of 
the'walli'. Micro.scoideally, tlie adventitia and media allowed large iK-rirpsculur cellec- 
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tions of lymphocj-tes, and the adventitia was greatly thickened and hyaline. Much 
more strilcing were several crescentic areas of necrosis in the innermost layers of the 
media, wliere muscle and elastic tissue Avere disintegrated and many polymorpho- 
nuclear cells were collected (Fig. 2). The defects thus formed extended transversely 
about tlie aortic wall, and gave the appearance of crescentic abscesses betw'een the 
intact fibers of the media. There Avas no cAddence of hemorrhage. A small amount 
of calcification Avas noted about the necrotic area. The OA’erlying intima was not 
calcified, although FomcAvhat thickened and hyaline. This AA-as judged to be a 
syphilitic aorta, with acute necrosis; the blood Wassermann reaction AA'as four-plus. 

Another aorta, that of a fifty-year-old negress (28402:35-113), showed even 
more striking changes. Grossly the aorta shoAA'cd the nodular and striated thickening 
of the intima about the commissures of the aortic A'filves, Avith valvular insufficiency, 
commonly associated Avith syphilitic aortitis. Microscopically it Avas eAudent that a 



Fig. 3. — Case 28462. Extensive inetllal necrosis of .aorta, AA’ith .small (li.^sectlnn 
Tills .‘-ection shoAA'.s evidences of .syphilitic aortitis. Note narroAving of v'a.s 
in .adA’cntitia. (X12.) -erum 

small dissection had occurred in the aa-.-iHs (Fig. 3). The media aa'Us extensively 
distorted by bands of fibrous ti.s.sue running obliquely and transA’crsely to the 
normal muscular and elastic laminae. Tn scA-eral fields, these fibrous bands ex- 
tended np to and iuA-olA'cd the intima. Within one of these fibrous bands an old 
area of hemorrhage AA-as noted. Tlie periphery of the dissecting area shoAved a 
granular deposit of calcium. There AA-as no CA'idence of the formation of an 
endothelial lining about the clot. Deeper in the media, and in the adA-cntitia, were 
large collectioms of Ij-mphccj-tes '.'ind plasma cells, usually in a perivascular posi- 
tion, and lieing .«;o closely paclied as to .suggest miliarj- gummas. The blood 
’Wass-?nnann reaction Avas four-plus. 

From a siiidy of the,s(‘ tAvo aoi1a.s, one aa-JI}) a very .small old dissection, 
the other without dissection but certainly ijrone to it, it appears that 
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mesaortitis can eanse dissecting aneurysm. However, tlie distortion of 
the mnscnlar and elastic laminae of the media that occurs in the common 
foim of syphilitic mesaortitis probably resists tlie splitting of tlie media 
necessary for dissection, as has been pointed out by Gagei*^ and by Shen- 
nan. ; If dissection should begin, it seems doubtful that it would extend 
far along the aorta. Further, it seems likely that when the aortic dis- 
ease associated wdth dissecting aneuiwsm is syphilitic, there must be 
medial degeneration and necrosis similar to that seen in dissecting 
aneurysms whose background is atherosclerosis. 

A discussion of the factors leading to dissection would be incomplete 
without reference to the work of Babes and Slironeseu.^ In 1910 tliey 
stated that, while increased blood pressure usually causes intininl 
changes, it may cause degenerations of the media witli breaks in tliat 
coat. Quoting: '‘These medial splits are certainly usually a direct 
consequence of the dilatation [of the aorta] and accordingly take 
place perpendicularly to the surface of the aortic wall, but the degenera- 
tion of the media maj’’, in consequence of dilatation of the inner com- 
ponents of the wall, lead to splittings of the layers parallel to the sur- 
face of the aortic wall. . . . Then after the degenerated intima had 
burst as a result of trauma, the blood was poured between the already 
split medial layers.” However, it would seem very unlikely that the 
inner coats of the aorta could dilate -without the outer coats dilating to a 
proportionate extent. Consequently it would appear that such a force, 
acting bn the inner coats to produce perpendicular tears, would act on 
the outer coats in the same way, giving a direct rupture without a dis- 
secting split in the media. 


SYMPTOMS 

'The usual symptom of onset is a sudden intense pain in the thorax, 
frequently knifelike in character, and generally radiating to the back or 
shoulders. A sensation as of suft'oeation commonly comes on early and 
may be followed by collapse or even coma. The blood pressure usually 
remains elevated, as contrasted with the fall usually encountered in 
coronai'5’ occlusion. A change in the character of the paiii, or an exten- 
sion of the pain, as down an extremity or to the abdomen, suggests that 
dissection is progressing in the direction indicated by the new radiation 
of pain. The usual symptoms of mediastinal compression, such as diffi- 
culty in swallowing, inequality of the pupils, etc., may be present. When 
extension ocenrs along the iliac or brachial arteries, with resultant nar- 
rowing of the lumina” of these vessels, cyanosis, coldness, loss of pulse 
or numbness may develop, as in the ease of ICellogg and Heald. Such «i 
state of affaii-s, ocenrring suddenly and associated with imin in one with 
hypertension, will oecasionally permit the diagnosis to be made ante 
mortem, as pointed out hy Crowell.= Other less common symptoms may 
be blindness, hemiplegia, etc., and when these are present, extension Ims 
usimllv occurred alonsr the carotids. 
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Veiy Tareb' Jias the diagnosis been made during life, and none of the 
eases liei-e irported was so diagnosed. 

“healing” of dlssecting aneurysms 

’Wljile it is generally thought that the condition is ahvays fatal, such is 
not the ease. Kellogg and Heald state that 80 per cent die within a 
few days, Init that the remaining 20 per cent have a good chance of re- 
covery. If external rupture of the dissecting channel does not occur, 
witJi iiemorrhage into the body cavities, it is easy to conceive that re- 
coveiy can take place. All but one of the collected cases of recovery 
from the initial dissection showed two ruptures, one from the aortic 
lumen into the walls, and another from this new channel back into the 
lumen of the aorta. When such a rupture has not occurred, there is 
further e.xten.sion of the dissection with each sy.stole and imminent 
danger of rupture to the exterior. Tin’s danger is mucli greater, of 
course, if tlie blood iiressure remains at the level at which the original 
rupture and dissection occurred. If rupture back into the lumen of the 
vessel occurs, and the blood pressure is kept at a low level, the new 
channel may become coated with endothelium, and, while, it is by no 
means a jicrfect vessel, it will function. Evidence of healing of dis- 
secting aneurysms is found in those cases where old channels, lined by 
endothelium, are found within the walls of the aorta. Seventy-four such 
eases have been found by Shennan in the literature, and another is added 
in this re))ort. Of the 74- cases collected by Shennan in which healing 
had occurred, many were thought to be several years old. Samson’s case® 
was thought to be of five years’ duration. The ease included briefly in 
this report, (and reported more eompletcl.y elsewhere®) is thought to have 
been of fifteen and one-half months’ duration. In such cases, death is 
nsnally fi-om cardiac failure, chronic nephritis, oi’ intercurrent infection. 


CASE REPORTS 

Case 1 (36:14-11). — R. 13., u twenty-t\vo-j’e;ir-old negi'e.ss, w.np fir.st admitted to 
the Jlopor IIo.=pital on Dec. 16, 191.1, and dj.scliargcd Dec. 30, 1913. Slie was re- 
admitted on dan. 29, 1914, and died .Tan. .31, 1914. 

The charts give little information. The fir.«t admis-^ion was apparently for a 
gy-necologie condition. The blood prc.s.«urc was not recorded. On the .second admis- 
sion she w.as complaining of severe pain in the epiga.=trium, which was only slightly 
relieved by large doses of morpliine. The lempornturc wa.« subnormal, the pulse rate 
120 per minute, respirations 22 to .36 per • minute. The blood x>ressure was not 
recorded. She died soon after admission. 

Autopsy was xierformed a few hours after death, and the heart and aorta were 
pre.“em>d in the I’atiiologierd Aru.«eum. Examination of the mounted .specimen 
showed a moderately enlarged heart, weighing .about 500 gm. The eoronarj- .arteries 
were normal. Tlic tnyoe.ardium of the left ventricle measured 1.75 cm, in thiek- 
ness. The v.alves v.ere norm.al. Tlie intimn of the aorta showed a number of 
rounded, rniwd plaques, eliiefly about the inoutbs of tlie .stii.all vessels. Most of 
these pi.oques v.-ere hyaline, but a few were calcified. There wa.s considerable 
wrinkling of the intima, espeeinlly between j)lafjue.s that wore near each other. 
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At the orifice of the itmominate artery tiiere was a small saclike pouching- of tlio 
walls, but the intima here appeared the same as elsewhere. At the beginning of 
the descending aorta, and corresponding to the site of attachment of the oblitenitcd 
ductus arteriosus, there was a crescentic tear in the intima (Fig. 4). This began as 
a longitudinal rent proxinially, passing across a depressed area in the intima (which 
M'as the remnant of the aortic end of the ductus), and then bent in a uniform arc.h 
to end as a transverse tear across the most inferior and most concave portion of 
the arch, partially surrounding at this point a small Iiyalinc plaque. The whole 
tear was about '2.5 cm. in length. At the middle of this crescentic fear tliere was 



■pi... , 1 Dcscenaing portion of thoracic aorta, showinp: intima! tear and 

-- - • di.=scction Inetwocn layers of media. 


another which crossed the iir.M at a .flight angle; this ap]>eared to be a secondary 
tear, and was about 2 cm. in length, tlie point oT intersection exm-tly overljung 
the intimal depress^ion mentioned above. Beneath this, the inodi.a was separated 
info two layers, the separation a}>pearing grossly to be between the mid.ile and 
outer thirds* of tiic mnsde coat. Between the.^e layer.< a strikingly uniform blood 
clot completely surrounded the aorta, and was genendly about ii.rj cm. in thick- 
ness. The dissection extended proximally for about 2 cm. and distaliy as far as the 
apeeimon extended. (The description written at that time stated that the disseriion 
extended to the diaphragm.) The adventitia was somewhtit thickened in a uniform 
fa.shion. .Posloriorly, at a point about 5 cm. distal to the intinual tear, the dis- 
.section was about - cm. thick, and the e.xtravasation c.xtonded into l!;e adver.titia 
and nearbv structures, beneath the pleura over llie roofs of bmh lungs. At this 
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thickost point there was a large ragged ruptured area where the dissecting sac 
communicated mtli tlie pleural cavity, where the fatal hemorrhage occurred. 

Sections from the aorta at the site of the dissection show a somewhat thickened 
hvalinc intiina, and a greatly damaged media. Muscle and elastic tissue fibers 
arc interrupted several times in each low-powered field by infiltrating fibroblasts, 
and file fragments of muscle arc hyaline and degenerated. 

Xuinerotis Ivmphocytes and plasma cells arc .seen at a little distance from the 
dissected area, which, with the numerous fibroblasts, indicate that the patient 
lived for some little time after the dissection began. Most of these cellular 
ciianges are taken to be secondaiy to the dissection rather than the pathologic 
back.ground for the dissection. Sections from the arch proximal to the dissection 
show prominent but small slitlike channels that are taken to be dilated lymphatics. 
They are in close proximity to the vasa vasorum and arc lined with endothelial 
cells. About these small channels and about the vasa vasorum are numerous 
plasma cells and Ij-mphocytc.s, occurring in .small clusters in which fragments of a 
collagen-like material are frequently found. Other portions of the media do not 
show these slitlike spaces, but localized areas of fibrosis, extending both parallel 
to. and across, the regular fibers. Intimal changes away from the dissection are 
not prominent, there being merely a mild degree of hyalinization, •without fatty 
deposits or calcification. This lack of evidence of atherosclerosis, together with 
the youthfulness of the patient t twenty-two years), makes rheumatic aortitis a pos- 
sibility, although Aschoff bodies cannot be demonstrated in the myocardium and 
although the valves are free from disease. In .some areas the changes arc such as 
arc commonly found in .‘n'philitic aortiti.s. At any rate, it appears that the medial 
disease in this case is more of an inflammatory nature than a primarily degenerative 
one. 

Ca.sk 2 (]2,'!.h7:ill-12o). — P. M., a fortj*-nine-yoar-old negro, a laborer, was ad- 
mitted to the Eoper Hospital on May 7, 1931, and died on May 19, 1931. Symp- 
toms of congestive heart failure had been present for .six months, growing progres- 
sively more severe. 

lie had a penile sore in 1917 and a “.'stroke” in 1930, but the effect of the latter 
Iiad been only temporary. There had been no other illnesses. 

On e.xaminalion his temperature was 98.4® P., pulse rate 114 per minute, respira- 
tions 28. The blood pressure was 210/140. Chest c.xamination .showed scattered 
rales over the bases of both hing.s, hut no oilier abnormalities. The mediastinum was 
normal on percussion. Tlie apex was noted In’ auscultation to be in the sixth inter- 
space, just to the left of the nipple line. Botli tlie aortic and the pulmonic sounds 
were accentuated, but the other sounds were normal and there were no murmurs. 
The radial arteries felt thickened. Tlie pulse was regular. The Kolmer and Kahn 
tests of the blood were negative. 

On digitalis therapy, moderate re.sfricfion of fluid intake, and diuretics, there 
was definite improvement, with disappearance of the edema and with much less 
dy.ttpnea. On May IS he was suddenly seized with a severe pain in the left side of 
the chest, markedly exaggerated by deep breathing. Simultaneonsly the pulse 
rate dropjied to 4S per minute, and dy.sjmca liccame severe, A quarter gr.ain of 
morphine relieved the pain somewhat, and (he patient dropped off to sleep (or 
pas-ed into coma?), although he groaned continuously. TJie skin became cold and 
clammy, the pulse nite remained slow and becanic irregular, and ho died fourteen 
hours after tile onset of the pain. The tcmperaluro was subnormal for several 
hours lc--fore death, 

Aiiiripsy was performed the day after death. The heart weighed 600 gm. and 
the left ventricle was markedly hypertrophied. There tva.*-: a slight pericardial cf- 
ftision, without eviilonre of blceiling into the sac. The lungs and liver were con- 
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gested. Tlie iiitima of tlie aorta was irregularly tluckened. rongli ami liyaline, and 
\vas moderately dilated in the ascending portion of the arch. Throe transverse linear 
breaks resembling incisions were noted in the descending portion of the arch, and 
one of these communicated with a longitudinal sac in the wall, which liad its base on 
the pulmonary artery, and contained a fresh thrombus. Unforfunafoly the specimen 
was not more fully described in the records and was not preserved. The description 
sounded like a rather small dissection, which prolrably oecuiTcd at the time of the 
onset of the severe pain in the side. As it had not ruptured, it ]>robahly would 
not have been fatal if the patient had not already been in poor condition. 

Microscopic sections from the aorta show an irregularly nodular intima. llic 
nodules composed of a loose, mj'xomatous fibrous tissue in wliich numerous small fat 
droplets are evident. Deeper in the media irregular breaks arc noted, confined to 
the inner two-thirds of the media, in which tlie medial fibers are completely dis- 



TTm = Case 2 Alarked medial necrosis, witli complete disruption of musc\»Iar and 

elastic flbere. Not ‘from the area of dissection. This aorta .sliowod tmmistakahle 
evidence of syphilis. (X SO.) 


-iipted. The ends of the muscular and elastic libers are f r:\yed out and hyaline. 
One of these faults occupies almost the whole of a low power microscopic field and 
:s filled with a loose, fragile-looking, young fibrous tissue in which arc largo rmm- 
jers of mononuclear and polymorphonuclear cells (Fig. 5). The outer layers of 
die media, even at this point of greatest involvement, appear quite normal, and 
heir muscular and elastic fibers pursue their normal circular course. Elsewhere 
n the media smaller cellular accumulations arc noted, oomj.Dsed of mononuclear 
ind plasma cells confined to small areas uhouf va«a vasonim and having the ap- 
aearanco in some areas of miliary guininata. While the s^ectsons at hand now do not 
iiclude the dissection proper, it is believed that dissection occurred thrmigli a 
hsieri similar to the large one described above, tiie intimal covering of which ap- 
peared very delicate. This aorta apitear.s to Iwt definitely syphilitic. 

C\sr 3 (21-1S7:3-1-110). — A. W., iv negro male of thirty-three years, was first 
.wlmitted to the TvOper Hospital in .Tune, A high thigh, rniiputation v.ns core’ 
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for a ruptureJ aneuryi^rn of tlie femoral arterj', the nature of wliich is not clear 
from the record. Tlicre was no liistorj' of trauma. Tlic blood pre.ssure was 190/120. 

On his final arliui.'^sion to Roper Hospital, on May 23, 1934, he was forty-five years 
old. Ilis .symptoms were tho.se of congestive heart failure of about four months' 
■iuration. lie had liad a sore on his penis many years before. 

On e.xamination, the heart was greatly enlarged, and the second aortic sound 
was loud and ringing. Tlie arterie.s were palpably thickened, and the blood pres- 
.‘^ure was 220/170. Pulmonary congestion, a largo tender liver, ascites, and edema 
were noted. The re.spirations were 28 per minute. The urine showed a .specific 
gravity of 1.022, a heavy trace of albumin, occasional hyaline casts, and occasional 



Kia. G. — C.o.«e 3. 


.Small <Hssc-ction of ascendinfr aorta, with rupture into pericardium. 
\ lewcd from outer .‘surface of aorta. 


red and white lilood colls. At no time did he complain of pain, only of dyspnea 
•ind a gonentl feeling of discomfort, Xo improvement was efFcctod by sedation, 
diuretics, and digitalis. On May 31, 1934, without an outcry, he suddenly slumped 
i'-u.k in I>ed, }>ecame pulseless, and ceased to breatlie. 

AuSopsj W7i.s jM.'rfornied forty-eight hours after de.'itii. There was inodorafc 
' d-n,:t of tiie left leg. Tlie pleural ,sac.« were dry. Tlie lung.-i .showed merely passive 
<ongcsti<)n. The jx^ricardi.'il sac contained a large blood clot estimated to represent 
abo.K e.e. of blood, Tlie iicarl was greatly enlarged, weighing 9(10 gm,, and 

vv.i,- rt>r\ pale. The myo-.-ardium of tlie left ventricle wa.= 2.i) to 3.0 ern, in thickness. 
The mitral, tricjupid, and piulnionury v,-ilve.« all appeared normal, IJeginning ju.st 
tibrwe till- aortic cusps on the anterior surface, the intirnn was irregularly olci-ated 
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and small deposits of fat -R-ere noted, but no dednitely <!a]cified plaques could be 
found. A little liigber up in the ascending aorta definite longitudinal u'rinkling of 
the intima was noted with numerous hyaline nodules. The adventitia wa.s also defi- 
nitely tMckened. In the upper portion of the part .showing the atheroma and ex- 
tending upu ard to the part that appeared grossly to be siqihilitic, there U'us a 
linear opening in the intima o cm. in length. This was on tlie anterior surface and 
was curved so as to form a barely evident “ S” In its center it gaped about 0.5 cm.. 
and at its upper end it showed a double split, forming a '‘Yg- each limb of 
which uas veri short. Tliis tear extended into the media, dis.'^ecting there Fn .a 
circular fashion so as almost to surround the aorta, and extending downward along 
the right coronary artery for a short distance. The dissection continued disfaliv 
for about 3 cm., lying in the very outer coats of the media (Fig. G). Near the 



Fig'. 7 . Ca.^o 3. Complete disruption of merlia in ntherosclerosis. Note m!irkt‘<l 

narrowing- of vasa vasorimi. (Tliis defect was one of several; it -was not the .«iie 
of the fatal dissection.) (X18). 

center of the dissected area, and corresponding to the most gaping portion of the 
tear in the intima, tlii.s tear extended througli all the coats of the aorta. The open- 
ning through the adventitia was about -t mm. in diameter, and its edges were rougli 
and gaping. It was thi.s extension of the tear that gave rise to the luunoperic.'irdiutn 
and tlie sudden death. At tiio same level :is this largo tear, Init on the right side of 
tlie aorta, there was a roughly V-shaped tear, jipjiarenfiy in the media oniy, and 
covered over by a thin layer of intima. The angle of the ‘■'V” was directed upward 
and to the right, and liie limbs extended downward iHitween the commissures of 
the right posterior cusp of the aortic valve. In the region of fin's \'-s!iur*ed fault 
tliore was no evidence of dissection, tdther recent or old. 

•Soctiotis through the aorta at the site of the dissection slunv large deff-cts in 
the media, where the normal citvular uniscle bands are replaced by liytdinc or 
necrotic whorls of tissue. Hemorrhage has occurred into the media at site of 
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Uiis fault, tai'l dissection is erident even between tlie layers of media that appear 
nonual. Tlie intima overlying the defect is somewhat thickened and hyaline, but 
i»y no means elevated to form a plaque and there is no evidence of calcification. A 
little to one side of the actual medial defect the intima is broken through, and the 
hlooJ was apparently admitted to the medial defect from this intimal cleft. There 
arc a few cells in the line of cleavage, and in the outer layers of the media and 
in the tidvontitia are larger collections of cells. These latter cells are largely 
fihrohlasis with a small spattering of lymphocytes among them. The round cells 
do not appear to Imvo a definite perivascular arrangement, and there are none of 
the plasma cell.« so commonly seen in s^^philitic aortitis (ITig. 7). 

Tliis case show'cd gross features in the aorta very strongly suggestive of syphilis 
as well as of atherosclerosis, but the microscopic appearance is that of an aorta 
degenerated from atliero-sclerosis. The aneury'sm of the femoral artery in this case, 
rupturing in 1922, may have been a dissecting aneurysm, but that cannot be definitely 
stated. At autopsv" there was a widespread atherosclerosis in all the larger arteries. 

Cask 4 (21990:34-127). — (This case is reported in more' detail elsewhere.) J. F., 
a negress, w;is first scon at the age of fortj'-six years in the Shirras Dispensary. At 
this time (1927) the blood pressure was 220/130. Slie was admitted to the Eoper 
Ho.‘'pitaI on March 37, 1933, comidaining of sex'cre pain in the epigastrium, radiating 
tlirough to the back, which had come on suddenly about eight hours before. Vomit- 
ing, .flight hemoptysis, and definite hematuria came on a few hours later. 

On e.vamination she was in acute distress. The temperature was subnormal, pulse 
90 per minute, respirations 24, blood pressure 190/110, The apex beat was in the 
filth interspace 2..5 cm. to the loft of the midclavicular line. The heart tones were 
normal, and no murmurs were heard. TJie arteries were markedly sclerotic. There 
w!is marked tenderness in the epigastric region and in both lumbar regions, with 
moderate tenderness in the suprapubic area. The voice was quite hoarse. On 
iaryngoscopic examination a partial paralysis of the right vocal oord was noted, with 
iniperfect approxirnation. A few hour.s after admission the urea nitrogen W’as 21 mg. 
jior 100 c.<-., and this gradually rose to a peak of 121 rag. four days after admis- 
.'•ion, after which it gradually fell to 13 mg, on the day of discharge. The urine 
contained grossly evident hlood for five days after admission. leucocytes on the 
night of admis.'ion numbered 28,100, with 79 i)er cent polymorphonuclears. The 
hemoglobin was 85 per cent (Dare). The leucocytes gradually fell to 7,000 rvilh 
Oo per cent polymorphonuclears on the day of discliarge, the licmoglobin then being 
50 per cent (Dare). The blood Kolracr and Kline tests were negative. The tem- 
perature rose to 301.4® F. on the day after admission, gradually falling to normal 
after one week. The pul.se varied below 130, being highest on the second day after 
adtnis.sion, and gradually tending to fall to normal. Tlie blood pressure was con- 
.«fantly elevated, although subject to variations. An x-ray of the chest two weeks 
after admi.ssiou showed “an unu.sually large aneuiy.sm of the entire aortic arch," 
without noteworthy cardiac enlargement. 

Morphine was required for the relief of pain for several day.s, but improvement 
wtf.K con.'^t.'int, and at the time of di.scharge forty-two days after admission the only 
complaints were pain, we:ikne.“S, tind numbness in the right foot and leg. 

On ,lum; 25, 1934, ,T. F. was readmitted to the lio.spital, complaining of shortness 
of breath, and diificulty in swtillowing, talking and breathing. The blood pre.s.surc 
sen.s 192/140, Coarse moist rales were heard over bolh lung fields. The heart was 
tn:ir!a-dly enlarged ttud the sounds were of fair quality. A loud, high pitched systolic 
re.'irinur was he.'ird, of inaximuni intensity jit the tiortic area and at the ape.v. Tiicre 
was a l.atalmiirHhe .w-rond aortic sound. Tiio abdomen was negative. Moderate 
c lcm.a^ot both feet was noted, especially the left. An,.x-r.ay jdafe of the chc.sf, taken 
the .say after admission, showed little if any ch.ange in the appearance of the 



PEERY : DISSEGTIXG AXEURYSilS OF AORTA 


cm 


"aortic aneurysm," altliougli tlie lieart lia<3 enlarged greatly in the interim, nuw 
measuring over 7 inches as compared with 5 incho.< in April, 19.‘F5. 

The urine contained 3-plus albumin but no casts. Tlie hemosrlobin t'S per 
cent (Dare). Tlie blood Kblmer and Kline tests were negative. She showed little 
improvement, gradually became stuporous, ami died on July 1, 1934. 

Autopsy was made twenty-four hours after death. There was marked ncpliro- 
sclerosis and a large old infarct of the left kidney. Cardiac hypertrophy was mod- 
erately advanced, and there were evidences of congestive heart failure, d'he coronary 
arteries were patent and appeared normal. Lobular pneumnnia was present. 

Viewed from the exterior, the aorta showed a ratlier uniform dilatation beginning 
in the distal portion of the arch and extending to the termination of the aorta. On 
opening the aorta the true aortic channel was almost completely surrounded by 
a second vessel, crescentic in shape, which also contained blood. This false chan- 
nel extended proximally into the descending portion of the aortic arch, while distally 
it went well out into both iliac arteries. The true nature of the condition was not 
realized at the time of autopsy and the lower extent of the di.ssection was not de- 
termined; it extended more than G cm. from the bifurcation, where both iliacs were 
severed. The communication between the two channels and the site of the rupture, 
which apparently occurred tifteen and one-half months I)efore. ^^■as at the termination 
of the ligamentum arteriosum. The ori/ice connecting the two channels was a 
slightly gaping, slitlike one, 1.5 cm. in length, its direction almost transverse, but 
with its posterior end directed slightly downward. Proximal to the dissection, the 
intima showed merely a few fatty deposits?, and no calcification or ulceration. Tliere 
was no abnormid thickening or wrinkling of the intima or adventitia, Iherc was 
no grossly evident lesion of the intima near the site of rupture. The intima of the 
false chamiol was irregularly roughened and wrinkled. Generally the lining w.fs 
paler than that of the true channel, but a few small fatly deposits were noted in 
the false channel. The false vessel surrounded the true one except on tlie posterior 
surface where the two walls merged. Numerous intercostal arteries were torn acros.s 
by the false cliaunel. The renal, the pancreatic, and tlie superior mesenteric arteries 
showed false channels in their walls, continuous with tlie channel in the w.-ills of the 
aorta, and they also contained blood. Thrombi were noted in the lumen of .reveral 
of these seeondarv false vessels, and these thrombi extended into (ho false aortic 
channel to surround the orifices of these smaller vessels. 


Sections from the area of dissection show that the false vessel lie.s between the 
middle and the outer thirds of the media. The media, as included in the walls of 
both channels is extensively degcnenited, and the clastic, tissue is fragmented and 
quite scarce. The intima of the new chaimcl is very dense and thick, the media 
thin and apparently inefficient, the adtentitia grc.atl,' thickened. 


Sectious taken from the aorta proximal to the splitting of its walls show 
numerous "faults" in the media, interrupting the normal circular fibers and tend- 
ing to spread out somewhat between the laycr.s of the media. At tlie.^e fault.-: the 
muscle is degenerated and the elastic tissue has completely di.<uppearod, leaving in 
its place a Too-re. hvalino fibrous tissue coiitainin>j: a numlKW of endotiielial cells 
linino- small sinuses, a]>parently of lymphatic nature. Tliis ti.<sne gives the appear- 
ance of being quite fragile. In no section is there any su.<picion of .syphililic dis- 
ease. a matter of fact, athero.-iclerosis is also at a miainunn, as there seem.s to 
be little intimal degeneration oven where medial defects are quite prominent. 


C\SE 5 (24751:35-1 ’')- — ^ nogro of about forty years of :rge, wis not ad- 
mitted to the hospital, and hence his history is far fr<im complete. It wn.s learned 
that he had had a heated argument with his wife, after whii.li he left the lioia-e in 
a fit of ra>re. As he passed through the yard, he suddenly fell and in u few miinites 
was dead. " Because of the unusual ciremnstnnee^ about the ease, the wife refused to 
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answer questions about lier husband’s state of health, tlunlung tluit she was to be 
prosecuted for his death. But, curiously enough, the wife requested an autopsy. 

Autopsy was performed the day after death (Jan. 13, 1935). Opening the 
thorax revealed that the left pleural cavity contained about 3,000 c.c. of partially 
clotted blood. The heart and entire aorta weighed 435 gm. The heart itself was 
entirely normal. The ascending portion of the aorta was smooth and elastic and 
quite resi.'tant to tearing. In the transverse portion of the arch, adjacent to the 
orifices of the great arteries, several atheromatous plaques were noted in the in- 
tima, yellow and fatty at their periphery, In-aline toward their center, with a min- 
imal amount of calcification. Just lateral to the origins of the first and second left 
inlercostals, about 2 cm. from the termination of the ligamentum arteriosum, was an 



t'i??. S. Cn.se r». Intlmal rupture jirst (o one side of .a small atheromatous plaque, with 
dissection in the adventitia, and rupture into the left pleural sac. 

hitimal plaque about 7 mm. in diameter, with very slight calcification. At its left 
border this plaque was elevtited and torn, giving a V-slmped tear in the intima, and 
it uas tlirough this that rujiture occurted. Arising at this site and extending in 
both direetions in the axis of the aorta was a blood clot wliicli gros.riy appeared to 
lie Iretwcon the media tind the adventitia (Fig. S). x\t its origin the clot was 4 mm. 
in ihiehness and completely enveloped the aorta, although it was much thinner oppo- 
site the rupture. I*n>xini;tlly the di.=>ection extended as far ms the reflection of the 
ivcrk-ardium, where it abrujitly terminated. Di.sscetion continued along the great 
arteries arising from tlie arch, e.‘-peemlly the left subclavian, for a distance of 
f-everal centimeters, Distally the d^s^eet^o^ completely enveloped the aorta ns far 
as the o.rigin of the celiac axis, whore it was 1 nun. thich. Just beyond this, the 
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dissection ended in an irregular margin. The poinf of rupture of tlio dissofting sac 
was just over the rupture in the inlinia. Hero the adventitia was deilnitely torn! and 
the edge of the sclerotic plaque in the imiina protruded through the adventitial 
opening. (DoubtlesSj in such a case as this, where a very tiiin-walled is fonned. 
only a Aery short interval exists between ilie time of tlie hegirining of the dissec- 
tion and the rupture of tlie dissecting .«ac.) 

Micro.scopic sections from this aorta sliow that the intima is only .dighlly thick- 
ened and somewhat hyaline, with a finely granular deposit of ctilcaroous malerial 
scattered about^ but tvith few definite calcareous plaques formed. Jn most are.as the 
media appears entirely normal. In .several areas, however, tlie muscle fibers arc 
definitely degenerated and the elastioa has lost its regular arrangement. Tlie ad- 
ventitia is normal both in thickness and general appearance. The dissection is iargelv 
in the adventitia, between its component layers: in some sections the separation is be- 
tween the media and adA'entitia, but in no field is the media itself split. Titere is no 
suspicion of .sAqiliilifie disease. 


COMJIEXT 


From the data at hand, a few thing.s can l)e gleaned that may be of 
assistance in the clinical management of a case in which the diagno.sis 
can be made during life. In the event of a recent di.sscetion, it wonld 
seem e.ssential to lower the blood pressure, preferably by vene.seclion fol- 
lowed Fy agents wliich may act over a longer period of lime. Thi.s may 
.serve to ari’est further dissection. It goes without saying tlnit absolute 
rest is all-important, as the danger of complete rupture remains grave 
for many days after beginning dis.section. 

In the event that the patient recovers from, the ])eriod of nelnal dis- 
section, it is probable that he will be handicapped by the los.s of aortic, 
elasticity, tlms throwing upon the heart the entire burden of propulsion 
of the column of blood. This is evidenced by the raiiid devclopmenl of 
signs of decomponsalio]! in Case 4, following establishment of the new 
channel. Further, as the -'‘healed” ehanncl is still prone to complete 
rupture due to imperfections in its walls, the patient is not out of dangei 
even when he has survived active dissection. W ith this in \ iev . a patient 
who has recovered from his dis.section must be lunidled in the same way 
as any cardiac cripple. 
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THE SIGNIFICANCE OP AN UPEIGHT OR DIPHASIC T-WAVE 
IN lead IV WHEN IT IS THE ONLY DEFINITE 
ABNORl^IALITY IN THE ADULT 
ELECTROCARDIOGRAM^ 

JosKPii Ediciken, ]^I.D., Charles Christian Wolferth, M.D., and 
Francis Clark Wood, M.D. 

PlHLADELPHIA, Pa. 


S INCE tlie value of chest leads in the study of coronary occlusion was 
denionst rated in 1932,’ many oliservations have been made concern- 
ing tliem, and their advantages and limitations have become more clearly 
defined. In a certain group of eases the limb leads furnish all or prac- 
tically all the diagnostic information. Lead IV sliows no deviation from 
normal. Examples of this are seen in many cases of healed posterior 
infarction. In another grou]) of eases abnormalities are found in both 
the limb leads and Lead IV. In this group the findings in Lead IV may 
be (a) superfluous (b) of considerable assistance in clarifying or in- 
tensifying a diagno.stic impression gained from limb leads, or (c) of 
primary importance. In a third group Lead IV shows significant ab- 
normalities, when the limb leads arc normal. For purposes of evaluat- 
ing the benefits to be derived from taking chest loads, careful study of 
this third group .seems indicated. The question is: If an abnormality 
ap]icar.s in Lead IV when limb leads are normal, is it significant of heart 
disea.so or is it misleading? 

The xirosent iiaper is based on a group of twenty-six adult cases in 
wliieh the T-wave in Lead IV was upright, or diphasic with a definite 
U{)right component. In other respects this lead was normal. Thirteen 
eases (siiown in Table I) had no significant electrocardiographic ab- 
normality in tlie limb leads; None of these thirteen had T-waves in 
<*ither Lend I or Lead II which were less than 2 mm. in amplitude, and 
none showed left axis deviation of more tlian 10 degrees, according to the 
tonnula of Carter. Richter, and Greene.* Case 10 had a wave but was 
included in this group because the heart was transvei’se in position.*’ 
In the thirteen other oases (.shomi in Table II) the limb leads deviated 
from rigid normal standards, but the abnormalities were such that they 
eouhl not he regarded as definite evidence of heart disease. 

In all oa.scs the chest lead was taken with the right arm electrode over 
the apex of tiie lieart and the left arm electrode at the angle of the left 
scapula, fj was upright in 20 and diphasic with a definite upright com- 
ponent in G. An a<hli(ional che.st lejid from the apex to the left leg was 

3, Table I) the T-wave of this 
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LDEIliEK ET AL. ; UPKIGHT OH Dlf^HASIC P-WAVE TN LEAD IV 


m 


lead A\as inverted while was upright; in the oilier cases iJie T-waves 
were similar in both these leads. 

Roentgen ray study of the heart and aorta (film or orthodiagram) was 
carried out in 23 of the 26 cases (see Tables I and II). The lieart was 
not enlarged in 14 cases; it was enlarged slightly in 4 and moderately 
in o. The aorta was dilated and dense in 5 of the 14 patients who had 
no cardiac enlargement. Thus 9 of tlie 26 patients had no signifie/mt 
abnorraality in either the roentgen ray examination or the electrocardio- 
gram except the upright T-wave in Lead IV. 

An examination of Tables I and II suggests that almost all adult en.-^es 
.showing an abnormal T^ as the only significant finding, have angina 
pectoris, or a history of coronary occlusion. Howemr, our data should 
not be regarded as conclusive evidence upon tliis point: almost all cases 
of coronary occlusion or angina pectoris wliich come to our clinic are 
.studied with chest leads, whereas eases not snspoeted of having coronar^' 
artery disease are not always examined in this way. 

The following control groups were .studied to determine in them the 
frequency of an upright T.^ : 

A. Eighty-one children: Forty-eiglit Iiad rhenmatie heart di.sease: 
33 had no evidence of heart disease. Upriglit T-waves wore found in 
Lead IV in approximateh^ 25 per cent of each group. Onr observations"' 
are in line with those of other observers ' namely, npinglit T-waves in 
Lead IV may occur in cliildi’en who Jiave no evidence of lieart disease. 

B. Two hundred ninety-nine college .students between the ages of 
sixdeen and twenty-six years were examined with history, phy.sical 
examination, orthodiagram, and electrocardiogram, witli chest and limb 
leads. Only one .showed an upright T,. This patient liad aortic in- 
sufficiency (Table I, Case 5). Throe others had T-waves in Lead IV 
wliich were not strictly normal. The first had a blood pressure ol 
150/95, a lieart rate of 110 per minute, and ventricular extrasystoles. 
T/was isoelectric; To was slightly inverted; T, was definitely inverted: 
and T 4 was variable changing from plus 1 mm. to minus 1 mm. His 
tracing was repeated a few days later at whicli time Ti and T-j were plus 
1 mm. ; T 3 was diphasic : and T., was minus 1 mm. The second individual 
showed slight slurring of QRS : T^ was phis 1 mm. ; 1 4 was dijfiiasic, 
minus 2 mm. and plus 1 nmi. After his electrocardiogram had been 
lalcen, he told us he bad just run eight blocks to get to the appointment 
on time. Pour days later, the tracing was repeated. The liml) leads 
were much the same; T 4 had hceomc normal (--t> mm.). The heait late 
was 120 per iniimtc in botli the tracings. The. third vas an athlete' 
mth a small heart. T, Avas phis 1 mm.: T-, slunved a pemtlinr eoniour 
Avith a slight terminal inversion; T„ Avas a “coax> plane AvaAe. minus 

. 1 mm.; T 4 Avas diphasic, miim.s 2 mm. and plus 1 mm. All the resi, of tlie 
299 college students shoAved a definitely inA-erted I-avoac in Lead H. 
Til 2 it Ava.s minus 1 mm.: in 1 it Avas minus 2 mim; in the rest it was 
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minus 3 mm. or more. These slatemeiils apply only to the cliest lead 
taken with the anterior electrode placed to the left of the sternum, and 
below the third left interspace. When the electrode was placed over the 
base of the heart, or near tlie right border, upright T-waves were some- 
times found. 

('. Forty-hve women between the ages of sixty-two and eiglity-five 
yeai-s were studied in a home for old women, through the kindness and 
with tlie as.si.stance of Dr. Jolm H. Arnett. This group cannot he con- 
sidered a strictly normal one since, among other things, the blood pres- 
sure figures exceeded 170 sy.stolie or 100 diastolic in thirty-eight eases. 
One individual showed a nearly isoelectric T 4 and T-waves of low voltage 
in limb leads, not associated with other definite evidence of heart dis- 
ease.* Ten cases showed a T-wave in Lead IV with an upright com- 
ponent. In nine of these, the limb leads were definitely abnormal. In 
the tenth, T^ was low; Tj was isoelectric; T^ was inverted, and the 
I)atient suffered from cardiac complaints. These observations, though 
somewhat limited, suggest that there seems to be no tendency for lb to 
become upright with age, except in the presence of other evidences of 
heart disease. 

DKCUSSION 


The significance of an upright T-wave in Lead IV has been discussed 
by Levine and Levine.® They found T 4 upright in two patients w'ho 
came to neeropsj* and showed no evidence of cardiac infarction. They 
write: “It is obvious, therefore, that an upright T-wave in Lead IV 
is of no value in the diagnosis of mj-ocardial infarction. In fact, we 
have .seen a positive T 4 occur as a transient plienomenon during broncho- 
pneumonia, as have othcr.s, and as a peimanent or transient finding 
under a vai’iety of other eircum.stanees, such as mitral stenosis, uremia 
and hyperthyroidism.” They also found an upright T 4 in 9 of 100 cases 
of angina pectoris, in 7 of which “the customarj' three leads were 
normal.” Their conclusion states that “upright T-waves in Lead W 
were found when no infarction was present, and in fact where there was 
Jio significant heart disease.” 

(Hir opinion concerning the significance to be attached to an upright 
T-wave in Lead IV lias been based upon an evaluation of the following 
observations: 1 . The T-wave is noloriou.sly unstable and is affected by 
a variety ot factoi-s. Digitalis, thyroid disease,® and intoxications of 
'variou.s types will cause it to change its direction. Exercise will cause 
significant T-wave inversion in limb leads in certain individuals, without 
e\idvnce of lieart disease.® In fact, there are certain persons, otherwise 
apparently normal. %vho have T-wave inversion in Lead II more or less 


n I'ni] normal In TV. but w.-is I.<.-oel<!Ctrlc In 

thv b ft Itrir. UMit arm elcctroflc at the apex, anj the left arm electrode on 
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constantly. Tims one slionld expect lo find an occasional subject without 
demonstrable heart disease, whose T-wave in Lead IT is upright. 2. A 
T-wave in Lead which was isoelectric, or diphasic with a small upright 
Comx3onent, was seen in certain cases in Groups B and C, when the limb 
leads were abnormal, but where signs of heart disease were not absolutely 
definite. 3 . A certain proportion of presumably normal children show 
an nprigiit T4. 4 . Only one of 299 college students had an upright T.i 
with noimal limb leads. He was found to have rheumatic aoj-tic in- 
sufficiency. 5 . An upright T4 was found in ten of forty-five women over 
sixty years of age. All ten had other evidences of heart disease. 6. The 
eases reported in this paper, in which an upright T.i was the only 
definitely significant abnormality, .showed, to say the least, a high in- 
cidence of serious heart disease. 7 , We have not. as yet seen an upright 
T4 in an adult in whom we were at all confident that “there was no 
significant heart disease,” unless the patient had received digitalis. 

We feel that the following comments should be made conceniing the 
statements of Leviiie and Levine®.* Jn Urn tirst place, an upi-iglit T4 
occurs frequently iii tlie absence of cardiac infarction. When ]3]-esent 
as an isolated finding, it is not a trustworthy sign of this Icijion. How- 
ever, in certain eases, it helps considerably to support this diagnosis, 
when changes in QRS are suggestive. Gon.sequcntly, we disagree with 
the. conclusion that it “is of no value in the diagnosis of myocardial 
infarction.”. In the .second place, these aullior.s make the .slaieraent 
that “upright T-waves in Lead IV were found . . . where there was no 
significant heart disease,” In support of this statement, they refer to 


two patients, one who died of uremia, and the other who died ol ex- 
sanguination from a bleeding peptic ulcer. They do not state the time 
interval between the taking of the tracing and the death of either i)atieni. 
The electrocardiogj'am of the fir.st patient shows an inversion of Tj, and 
T. (Fig. 2H).® The tracing of the .second i^atient is stated to have shown 
an inversion of T„ T., and T- (Tohic TU).^ No histologic studies of the 
heart muscle are presented. Now it is well known that definite i.misoji- 
ing of the heart mirsele often occurs in lU’cmia and that profound physio- 
logical changes may be ])rodueed in the myocardium by exsanguinaiion. 
Moreover, T-wave inversions like those described in the limb lends 01 
these two eases have been reported in very ill, and in moribund patients, 
presumably caused by pathological abnormalities of the heart muscle. 
.Consequently, we interpret the statement of Levine and Le\ine to mean 
that there was no primary, gross lesion of the heart in these eases^ 
because they have not x^ublished evidence to establish the absence of 
considerable abnormality of the heart muscle. We stress this point since 
the simple .statement that, upright T-waves in lead TV were loumt where 
there was “no significant heart, disease”* might lead tin- reader to con- 
clude that an upright T4 is uot dependahle evidence, 01 m\ot, au ias an 
normality. As a matter of fact, our observations indicate tiint an 
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npright T* in an adult, obtained with the right arm electrode over the 
apex, is hichly dependable evidence of such abnoi'niality. Subsequent 
observation may living to light an occasional case in which this sign is 
present when there is “no significant heart disease.” However, no such 
ease is knomi to us at present, in which digitalis has not been the prob- 
able cause of the T-wave change. 


SUMMARY AMD COMCETJSTOXS 

]. A group of 26 adult cases has been studied in which the only sig- 
nificant electrocardiographic abnormality Avas an upright T-Avavc in 
Lead lY or a diphasic with a definitely upright component. In 13 of 
these eases, the limb leads conformed to rigid normal standards; in the 
other 13. the limb leads showed slight deviations from normal, but 
notliing tlmt could be interpreted as definite evidence of heart disease. 

2. The cardiac diagnoses made in the.se ca.ses were as follows: in 17, 
angina pectoris; in 2, quo.stionable angina pectoris: in 4, old coronary 
occlusion; in 1 , jiaroxysmal cardiac dyspnea; in 1 , rheumatic heart dis- 
ease; and in 1 , congenital heart di.sease. 

3. The freqxicney of angina pectoris and coronary occlusion and the 
infrequency of other types of heart disease may be due in part to the 
tyjKis of material studied, since che.st leads were made more often when 
coronary disease was suspected. 

4. In tlie absence of digitalis medication, we have not seen an upright 
lb in the electrocardiogram of any normal adult, Avhen the anterior 
1 ‘lectrode was placed at the apex. Moreover, in our cxpeilenee thus far, 
all adults with an upright T 4 have given us reason to suspect the 
pro.'^cnco of licart disease. 

5. A T-Avavc in Load lY Avhieh was isoelectric, or diphasic, Avith an 
npriglit component of 1 mm. or less, has been seen in patients Avith ab- 
normal limb load electrocardiograms in Avhom the presence of definite 
heart disease could not be proved. 

6. Our observations suggest that, Avhen an adult has an eleetrocardio- 
irr.nn Avliich is normal in CA'cry re.spoct, except for a definitely upright 
f'iomeiit in the T-Avavc in Lead lY, this should be considoi’od an impor- 
tant findin*:. and the patient should be studied carefully for other evi- 
dence of heart disea.se. e.s|)ecially coronaiy disease. It is unsafe to dis- 
rccar<] this siten. 
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ISCHEMIC PAIN IN EXEECISING MUSCLES® 

Its Nature axd Implications 

AiiBERT H. Elliot, iH.D.. and Eighard D. Evans, M.D. 

Santa Barbara, Calif. 

introduction 

W HILE the plieiiomenon of ischemic mu.seular pain lends itself read- 
ily to experimental ohservation by the use of a relatively simple 
teclmic, the number of metabolic factors which conceivably influence 
its behavior are numerous and are separable with difficulty so that the 
effect of each may be critically evaluated. From the possible methods 
of approach to this problem which might be adopted, we have selected 
tiiose ^s•h^eh aim to evaluate the role that the production and disposal 
of lactic acid may play. 

The mere fact that pain occurs in exercising muscle deprived of blood 
has been known for many year.s, but it is only recently that this phenom- 
enon has been subjected to careful experimental observation. The in- 
vestigations of Sir Thomas Lewis and his associates^ on this subject, 
which have in the main been corroboi’ated by other observers, have 
laid the groundwork for our present conceptions which may profitably 
be summarized as follows: 

1. Pi-oduetion of the pain substance is intimately concerned with the 
normal metabolic changes occurring during and after contraction of 
a sk<‘lctal muscle. 

2. The pain substance is iiroduced by a contracting mu-scle the circu- 
lation of v.-hieh is free, but obstruction of the arterial flow, or decrease 
in ihe oxygen-eanying power of the blood, materially increases its 
speed of accumulation. 

o. Under experimental conditions the phenomenon of muscular fatigue 
may he easily divorced from the occurrence of pain. 

4. The pain substance, is difiusiblc and under normal circumstance.s is 
rapidly wa.shed away or destroyed. When the circulation is impeded, 
the sul)stance which escapes from the muscle fiber may reach a concen- 
tration in the tissue spaces sufficient to stimulate sensory nerve endings. 
M hen circulation is reestablished, it is at once washed away and pain 
<'0!iseijuentIy ceases, hut this does not. neee.ssarily mean that the metab- 
olism of the muscle fiber has I’eturned to normal, 

I lie above facts seem well established. Further observations**''' .sug- 
Sest that: 

1. Of the fnefoi's which are operative in di.ssipating the pain upon 
rettu'ii of the eiretdation to an ischemic limb, the bringing of oxygen is 

< f Ca.r<U0V3scular Rose-arch Department 

<■: the f.otSaee Santa Barhar.a. 
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of importance as well as is the mccJianical dilution or washini? out. If 
tlie oxygen content of the inrusJiing blood is inaterialiy decreased, the 
pain persists, or dies out slowly. 

2. The oxA geii content of the blood is also of importance in dcterniin- 
ing the rate of formation of the pain substance in that, if it lie siif- 
ficientl}’" lowered, concentration of pain sul)stance may rise to the point 
of stimulating sensory nerve endings even if the circulation to the 
limb remain unimpeded. 



3. Certain observations suggest that the substance may be produced, 
although extremely slowly, in resting muscles deprived of Idood. The 
evidence here is indirect and recpiircs cautious interpretation. 

4. Recent studies" have been offered as demonstrating that the pain 
substance can be trapped in resting muscles distant from its point of 
origin, but here again the evidence is not l)eyond criticism. 

Insight into the chemical nature of the pain substance and its rela- 
tion to the metabolic processes governing the ex])enditure of energy in 
the form of muscular contraction and recovery has up to now been 
entirely a matter for conjecture. It has been repeatedly suggesled that 
the substance is probably an acid metabolite, and it is not .sui'prising 
that lactic acid, knowm to be produced by contracting muscle and to be 
eavsily diffusible from it, has lieen suggested as tlie culprit. No studies 
aiming to establish definitely or to dispinve such an hypothesis have to 
our knowdedge as yet been undertaken. 

Before presenting our observations it might, be well to summarize 
the present Imowledge® regarding the formation and fate of laetie acid 
ill the body and to see if the laws governing lactic acid metabolism, in 
relation to muscular contraction, may he found consonant with or con- 
trary to the Imowni behavior of the pain substance. "\Ve do not -here 
wish to enter, into a discussion of muscular metabolism exeej)! .so 
far as it bears upon the iiroblem at hand. Lactic acid is derived from 
the breakdown! of muscle glycogen. The role of this reaction in the 
immediate liberation of energy for mu.seular contraction is jiroliably 
not important, but at the same time the reaction itself is an obligatory 
one. Under conditions of rest laetie acid pi'oduelion procced.s .so .slowly 
as not to exceed its rate of di.sposal. but upon muscular contraciion 
its formation is at once inci'cased many fold, and, if .such contraction 


be repeated rapidly, the rate of formation (piickly exceeds tlie possi- 
bilities for disposal within the muscle itself and lactate ion diffuses into 
the tissue spaces, to bo picked up in some measure by the eirculaling 
blood. At a given moment, then, the concentrat ion of lactic acid in thc 
niusclc wdll depend upon the ratio of rate of ]n'oduction to ral!.* of 
disposal, and the concentration in the tissue spaces and blood will in 
addition be influenced by the rapidity of diffusion from the muscle 
cell and the adequacy of the circulation as determining its mechanical 
removal. Thus in severe sustained exercise the lactic acid conlmit of 
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the blood is materially bicreased and may remain at a higher than 
normal level for an hour or longer. It is believed that in such cir- 
cumstances lactate ion difiuses ndtli facility both into the liver, Avhere 
it is rebuilt into glycogen and, what is of great impoilanee as regards 
the problem at hand, into resting muscles which have not participated 
in the preceding exercise.® Of the total amount of lactic acid formed 
during exercise, approximately one-fifth is later burned to carbon 
dioxide and water ; the remainder, except for the escape of a small quan- 
tity tlirough tlic kidneys, is reconverted into glycogen, primarily by the 
liver. These reactions occur during the recovery period following exer- 
cise. It should be emphasized that oxygen must be available before 
these changes can be aceompllshcd. In eoiitradistinction to the anaerobic 
release of cnergj- making muscular contraction possible, the recovery 
phase is strictly contingent npon the presence of oxygen. It follows 
from this that any circniustanee interfering either witJi the oxj'gen-cariy- 
iiiir cai)acity of the blood or with sufficient irrigation by normal blood 
v.-ill lead to a local or general piling up of lactic acid in the tissues 
bearing the brunt of such disturbance. 

To summarize ; Lactic acid is rapidly produced by contracting muscle ; 
it difiuses readily into the ti.ssue spaces and blood stream; a large por- 
tion of it may be washed away from its point of origin if the circulation 
is adequate; its ultimate disposal by burning and by reconversion to 
glycogen demands available oxygen; if the blood concentration is suf- 
ficiently bigh, it may readily diffuse into resting muscles. Certain simi- 
larities between this behavior and that of the pain substance arc at 
OTicc; a])par('iU. The formation of both is an accumulative process when 
occurring during repeated nuiseular contraction. The concentration of 
each rises ra])idly when circulation is impeded or wlien available oxygen 
is not pi-esent. llotii diffuse readily from the muscle fiber into the 
tissue spac<,*s. Available Icuowlodge regarding the behavior of the pain 
substance does not allow us to draw tliis analogy further, but it may he 
said that to this jioint mutually exclusive characteristics of behavior arc 
not encountered. 

It is the jnirposc of this pajier to prasent detailed obseiwations which 
aim to test the hjqiothesis that lactic acid and the pain .substance arc 
idenfir-,al. ^Vhile a final answer cannot he given on the basis of our 
ohsi iA-jitions, it will be shown that this hypothesis adequately explains 
the e.xitcrimental results obtained and that at Ica.st production and 
disposal of both lactic acid and ])ain substance arc subject to similar 
m et a.bol i c ! a ws . 

METHODS 

Our ohH.Tvations were conducted upon a group of four healthy young 
aduhs using a technic similar to tlial resorted to by other obseiTer.s. 
With the blood siipply occluded by a pressure of 200 mm. of mereuiy 
thrown upon the upi»er arm, a weight of 1,600 gm. was pulled through 
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a distance of 6.0 cm. by a snbmaximal grasp of the fingers at a rate of 
once a second, Tlie time of onset of the pain, altliougli found so variable 
as to prove of little ultimate significance, vas noted in cacli instance, 
bnt the obseivation was tci’minated at tlic yioint where pain of the 
forearm became so severe as to preclude furtlier mn.sciilar contraction. 
This end-point was found to be cjiiite sharp in every instance and only 
rarety was it necessary to cease tlie determination because of fatitrue, 
wdiich was only encoimtered when the usual exercise tolerance was 
greatly exceeded. A gradual gain in ischemic exercise tolerance, w'hich 
occurred over a period of mont hs, is illustrated by Chart 1. The toler- 
ance of the left arm was appreciably less than that, of the right (all 
right-handed). 
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Chart 1. — ^Incroasc in forearm exercise tolerance over a perlorl of snonths. 

The level of lactic acid in the blood was determined on oxalated speci- 
mens taken from the veins of the resting forearm witliout stasi.^^. The 
method of Mendel and Goldscheider was used. The percentage of en-or 
in our laboratory is approximately ±10.0. Blood sugar was determined 
on venous blood by the method of Schaffer and iraifmann, 

RESULTS 

, As the first step it. became necessary to establish control levels for the 
ischemic exercise tolei’ancc of each individual. It was it)und thai tlie. 
exercise tolerance of one arm could be determined immediatel,''^ follow- 
ing that of the other without its being ai.ipreeiably infuumeed by tliis 
sequonce. By studying the influence of varying the lime int^-S'.ds 
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betAvcen succcissive determinations eondnctecl on the same aim, it -was 
demonstrated that a rest period of fifteen minutes was sufficient to insure 
complete recovery of the exercised muscles. It was thus possible to 
measure the exereise tolerance of the same arm at fifteen-minute inter- 
vals over a period of two hours without exceeding a maximum varia- 
tion of 15 conti-aetions (7 per cent) above or below the value for the 
first determination and, in most observations, this variation was not 
"n.-ater tlian 5. As a further means of checking the iio.ssible influence 
of fatigue upon the freciuenlly exercised muscles of one arm, the tolei‘- 
anee of the other arm was measured initially, after one hour, and at the 
eonelusion of the .second hour. These values were likewise found to 
vary little from one another. In most instances it was impossible to 
continue the observations longer than two hours because fatigue pi’o- 
hibifed continuance of the exercise to the point of intolerable pain. How- 
ever, this x^ei'iod of time proved sufficient for the purpose of these 
studie.s. 

The consistency in behavior of the exercised foreaimi under conditions 
of bodilj’' rest being thus established, the first problem inve.stigated was 
that of the effect of nonischemic exercise of the leg muscles upon the 
pain tolerance of the forearm. The subject exercised upon a stationary 
bicycle peddling against a load as rapidly as possible until stopped by 
exhaustion. The arms were kept strictly at rest during this ijcriod, 
grasping of the handlohars being avoided. At the conclusion of the 
exercise the subject, was seated in a chair and the exercise tolerance of 
the right forearm, checked at intervals by that of the left, was ob.served 
over a period of two hours in a manner identical with the control pro- 
cedure. Occasionally an increase in the number of contractions possible 
was ol).served immediately at the close of the exercise period bvxt an 
abrupt fall in tolerance occurred after an interval of fifteen minutes. 


In the succeeding determinations, intolerable pain developed at a pro- 
gre.ssively lowei' number of contractions until the thirtieth or forty-fifth 
minute, after which there was a gi'adual return of the forearm exercise 
tolerance toward the initial level xvhieh was usually reached in from 
75 to 105 minnte.s. In Chart 2 the re.sulls of such an experiment are 
indicated in terms of number of contractions below the control level. 
The shape of this curve, which i.s characteristic of that eneonntei'od in 
numerous exptu'imenl.s of this kind, is strikingly different from the 
cfmtrol eiuve also eharled. It was further found that the decrease in 
cxerei.se tolerance of the forearm resulting from exercise of the Icg.s wa.s 
ronglily ])roportional to the intensity and duration of the latter, Thc.se 
results cnuld he attributed either to ebanees in eirtmlation tlmougb the 
le.sjing forearm consefjueiit ui)on aeeelerat imi of the circulation from 
lee exercise, or to uu e.vfapc. into the blond of a substance or substances 
formed in Ihe exerci.dng leg mn.scles which then diffused into the ti.ssnes 
of Use forearm in sufficient pnantify to augment the elTeel of the. pain 
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substance produced ])y the iselieinic forearm muscles tbemsejves*. Tlic 
fiist li^potlicsis is unlikely becuuse tlie effects ol)servcd 2)cr.si.sfe(i for 
some time after tlie pulse acceleration eoiiscquent upon tlic lee: exercise 
had subsided. 

The blood lactic acid values determined upon blood t.iken fj’om tlie 
iinexercised forearm at fifteen-minute intervals tiirouirhout the couj-sc 
of the experiment are likewise expressed on tlie chart. Tlie curve is 
similar to those published by Hill, Long, and Lupton.^ There is a 
precipitous > rise immediately after t he exercise, followed by a slow 
downward slope until the initial level is reached at the nmetictli 
minute. The similarity in shape between this curve and that of the 
exercise tolerance of the forearm is striking. 



minutes 


Chart 2. — Effect of vigorous leg exercise upon forearm exercise tolerance 


The next question to be studied was: Is the sub.stance wliich escapes 
from exercising muscles with free circulatiou similar to, or identical 
with, the pain substance produced during ischemic exercise? As an 
approach to this imoblem, after mimerons trials, the following experi- 
mental procedure was adopted: After determining the exercise toler- 
ance of both forearms during bodily rest, the subject lay supine uiimi 
a bed with the legs elevated by two pillow.s. I lie circulation of each 
leg was then occluded above the knee, and the feet vcrc fort.'ciull’. 
extended and flexed once a second to the point of iiitoleiuble pain vlAcn 
the eircnlatioii was immediately reestablished. This proeeduie %\a> le- 
peaied from tliree to six limes with intervening rest periods of three 
minutes. The number of flexor-extensor movements of ilic feet possible 
under these conditions was found to decrease with each hnni of exAU'cise, 
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falling from an initial level of 70 to SO movements to from 40 to 60. 
Parenthetically, it might be observed tliat an exerci.sjng nonischemic leg, 
luidor these conditions, nfll likewise become jjaniful after a minute or 
two bnt that the exercise can be eontinned to the point of fatigue, pain 
increasing Irat slowly. 

At the conclusion of the foot exercises the subject was seated in a 
chair. The exercise tolerance of the forearms was determined in a 
manner identical with that of the preceding experiment. A sample 
protocol is illustrated by Chart 3. Tlie results were eoivsistent and 
striking in all experiments. Here again a progressive loss in tolerance 
occurred which was far in excess of t.he variations encountered during 
the. control determinations and which persisted over a period of from 



90 to 120 minutes. As illustrated by curves 1 and 2 (Chart 3), it was 
further found that the effect upon Die mirscles of the forearm “was 
influenced by the number of times that the pain -was built up in the 
legs. The lower cuiwe shows the effect from six exercise cycles; the 
upper, tiial li’om tiirec. These experiments demonstrate conclusively 
that pain substance built up in one group of isebomic exercising muscles 
escapes into the blood stream and circulatc.s there for an appreciable 
length of limn, which allows of its being trapped in otlier portions of 
the body whore the effeef of its pre.scnee may be unmistakably recog- 
nised. Is tin’s etrect trai-eable to an increase in the concentration of 
l.'ictic acid in the blood? Lactic acid detenninalions eonduefed through- 
mit thf- course oi .such cxiierimcnls have shown a small hut quite con- 
s'f'icnt elevation of the level in venous blood. Direct sampling of arterial 
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blood, which would allow a more satisfactory estimate of the concen- 
tration of lactic acid being bi’oiigbt to tlic forearm muscles, was not 
practical, but in one experiment samples of blood were taken from a 
forearm which was constantly immersed in warm water. The concen- 
tration in these samples, which sliould approximate closely the con- 
centration present in the arterial blood itself, was slightly higher tiian 
in those of venous blood taken from the cool forearm. 

It will be noted that the concentration of venous lactic acid returns 
to the initial level some minutes before the forearm exercise tolerance 
has reached the control value. The significance of this olKservation will 
be commented upon later. 



Clmrt 4. Effect of 1 mgr. of adrenalin upon foreann oxcrci.se tolerance. 


The next group of observations was concerned with a study of the 
effect of increased blood lactic acid concentration, brought about liy 
other means than exercise, upon the exercised toroarm. In C hart 4 the 
effect of the intramuscular injection of 1.0 mg. of cihncplirine iirmn the 
levels of sugar and lactic acid in venous blood, as correlated vitii llic 
forearm exercise tolcraiiee, is illustrated. It will lie recalled’ • that 
adrenalin exerts a profound influence upon tlie cal■hoh^dra^e luctaholi.sin 
of riiusele. Its primary effects arc to aecf'lerate. the lireakdovn of musede 
glycogen into lactic acid and probably to inliibit. the utilisation of sugar 
brought to the muscle. In the blood tliese influences arc reflected by 
lactic acidemia and, in part, by hyperglycemia. As Chart 4 sh.mvs the 
effect persists for about two hour.s, and the eume toi deeiease in ior< 
arm exercise tolerance was, in our experiments, of the same paliein as, 
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iii’.t in opposilo direction to, those illustrating the concomitant changes 
in the blood. Since, liowever, lactic acidemia from epinephrine is ac- 
companied by !!yi>erglyeemia, it was necessary to determine the influence 
oi' the hittm- upon the exercised forearm muscles. We sought to deter- 
mine if liypei'glyeemia influenced either the speed of formation of pain 
siibstamre i)i the iseliemic forearm muscles themselves, or the fate of 
tlic ]Rdn suljstance released from the legs. The’ fasting subject, imme- 
diately after the tolerance for ischemic exercise of each forearm had been 
ascertained, consumed 100 gm. of glucose. Changes in exercise toler- 
ance of the forearm were tlien observed at fifteen-minute intervals in the, 
\mual manner. In several such experiments a surprising rise in the 
number of contractions po.ssible was found during the latter part of the 



nUBluiBHL 

nnnmnHimHBi 



liiaHmHHKrJ.. 

— ■■■■■■■■■I 


■■■■■■■■■El 


iHiangnannuaaaaaa! 

a^MMsaSaBHiiiiigiigBii 


■■■■■■I 

■■■■■ii 


J 1 » ! ’ I I 


5S»»: 

— ■■■■■ —I 


1 ! 1 I I I I Hill 

13 50 

MINUTES 

lit! I, EfiVct of 100 frm. of glucose upon forearm exercise tolerance with and with- 
out release of pain .«ub.=tance from the legs. 

I >vo-hour jjcriod, the subject often being forced to stop the exercise 
jKim iatigne rather than from pain. Wlien a study of the concentration 
Oi^the ])ain suh.stance in the blood after its release from the legs was 
alii nipted, following gluco.se administration, an increased concentration 
<ould not he demonstrated by trapping in the forearm. The usual de- 
< Last m foieaim tolerance was entirely lacking. The curve coincided 
obtained in the fii-sl. or control glucose experiment, 
resu ts aic illustrated in Cliail b, including the venous blood 
muai la ucs, ubicb in this subject .sliowed no rise. The ciuwe for blood 
aciie acid during }]iis experiment is similar to those obtained when 
^ u os< i.s not admini.stered. Also, intolerable pain developed in the 
-s .pis .!K quK^ V. Lvidently the effect of gluco.se upon the rapidity 
pi O' n< ion 0 pain sulrstance is not appai’eni until approximately 
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/5 or moie minutes liave elapsed from the time of its ingestion. Tlie leg 
exeicises wore initiated immediately after the ingestion of tiie giucosCj 
and during the first half liour (the time necessary to complete six cycles 
of leg exercise) no increase hi tolerance of t)ic forearms was noted in the 
control experiment. 

That the presence of pain substance in the blood following release 
from the legs is no longer recognizable from its effect ujion forcaiTii 
exercise tolerance is difficult to explain. Kitlicr the metabolism of the 
muscles is significantly changed by glucose ingestion, or else, which is 
more unlikely, h^’perglyeemia in some manner inhibits diffusion of })ain 
substance from blood to tissues. These results merit further investiga- 
tion. 



Chart 6. — Effect of hypoglycx'inia xipon the forcarnT exercise tolerance. 


The effect of liyjioglyccmia upon the formation and late of tlie pain 
substance has been observed in a few instances. Phe experimental pro- 
cedure Avas identical Avith that above excc]>t that the intramuscular 
administration of 20 units of insulin was siilistilutod for ing(‘stion of 
glucose. In tAvo such experiments consistent effects upon forearm e.xer- 
cise tolerance, Avith or without release of pain substance from tiie legs, 
could not be demonstrated. HowcA'cr, the subject »iid not exj'jerience 
hypoglycemic symptoms. In a third exj^crimeiit, uiion anotiier subject 
tile blood sugar fell from lOG to 61 mg. per cent Avithin one hour. ^ This- 
fall was accompanied by rather pronounced symptoms, but exci'cise oi 
the forearm could he continued well beyond the point at winch infol- 
crahle pain became evident in the control determination. Blood lactic 
acid was not elevated during this time. Beterminnlion of exercise fol- 
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.■r;iTice beyond the sixly-minutc interval was not satisfactory because of 
umscular falinucs but the onset of pain appeared to bo delayed.^ At 
liu* fonclnsion of two hours following insulin, there was an appreciable 
lactir acidemia wliicli might be the result of compensatory outpouring 
of adrenalin. This course of events (Chart 6), difficult of interpreta- 
tion ;u? regtirds specific effects upon the pain substance, should be corro- 
'nor.'ited by further study. 

The last group of experinrents is concerned with the effect upon 
i.sehcmic pain of the administration of sodium lactate by the oral and 
int.rtivenous routes. The sodium lactate for oral ingestion was prepared 
by tidding sodium bicarbonate to a weighed amount of acid in sufficient 
quiintity to bring the pH to approximately 6.0. The mixture rvas then 
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UjKirt T, — KfO-cl (if the oivil inp^f-.stion of Itictic ."ickt plus sodium bfcsirbonalc- und 
of ftotliiirn blc.'irbonate only upon forc.arm exercise toierancc. 

<ii!uted to a volume of 200 c.e. and taken when fasting. Forearm 
exorcise tolerance w.as ineasinvd before and after this in the usual 
mamior. Tlte do.sage of sodium lactate varied from 10 to 20 gm. In 
some exjsoriments exercise tolerance was not influenced, and the sub- 
.leet h.-id a bowel evacuation within a eomjiaratively .short period follow- 
ifig its iiigestion. In one sucli experiment it was found that the blood 
lactic h vei was not elevated, indicating lack of absoi'ption from the 
intestitsal tract , Jn another experiment there was an api)reciable de- 
oi'ea-s/; ill (‘xerci.se tolerance, wliieli per.si.sled for over an hour, Intt no 
ebanee in the level of venous lactic acid. In the remaining cxjterirnents, 
a samjile of v.-h!eh is given in Chart 7, there was boili a drop in tiio 
numiK'r ot' hand grasps possible and a eoneomiiant lactic aeidemia. In 
a control experiment following the inge.stion of an amount of .sodium 
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bicarbonate equal to tiiat used i'or the neutralization oi tlic lactic acid 
prejiaration. namely 15.0 gin., no ell’ect upon the inn.scles of the foro- 
arni was evident. 

Ili a final experiment, GO c.e. of molar sodium lactate (approximate 
content 6.0 gm.) diluted to a volume of ISO c.c. was administered intra- 
venously. As illustrated in Cliart 8, eoneentratioii of blood lactic acid 
rose from 25 to 38 mg. pier cent during the injection. At its conclusion 
the level liad faUeii to 32.9 mg. It continued to fall during the next 
thirty minutes until a low concentration of 20 mg. per cent was reached. 
The immediate, deer ease in forearm exercise tolerance dui-ing the injec- 
tion was, striking. The. exercise curve continued downward, reaching 
its lowe.st point simultaneously with that of the blood lactic acid. After 



this, it turned abruptly uiiward but did not rcacli the control level 
within two hours. At this time, the observations had to lie. terminated 
because of fatigue of the forearm, the ])niii end-point proving unas- 
tainahle. It was likewise necessary to control this experiment by the 
giving of an equivalent amount of sodium bicarbonate in a solution 
of equal hypertonicity. That neither a significant change in cx<‘rm\c 
tolerance nor in hlood lactic acid content resulted is shov. n in Chart .r. 


PISCUSSION 

Before attempting to analyse the observations herein reporte<i as re- 
gards their bearing upon what we might term the lactic aeiu 
attention should he called to certain factor.^ which migiit easily obscure 
their significance. In the first- place, all blood analyses vN-re done on 


the A^rERICA^^ HEART JOURNAL 


OSO 

\ **noii.s .suni])lcs, inuy not g'ivc si true picture oi" the potciitifllitj' 

for the diffusion of lactate ion from blood to muscle and tissue spaces. 
In other words, tlie level of lactate ion in blood returning from resting 
mu.sele may he normal, and yet its concentration in and about the muscle 
actually increased as the result, of diffusion from arterial blood contain- 
inir a higher than normal content. This might serve to explain in part 
tile fact tluit in many experiments the exercise tolerance of the forearm 
did not return to the initial level imtil some minutes after the blood was 
found to he ctirrying a low content of lactic acid. It is possible that the 
concentration of lactate ion in the mirscle may remain increased for an 
aiipreciahlc time tifter it is no longer augmented by diffusion from the 
arterial blood stream. Another fact of po.s.sihle significance is that the 
concentration of lactate ion in the mu.sele would, under re.st, reach an 
(■{inilihrium with that of the plasma, which is 33 per cent greater than 
the concentration in whole blood.® Our observations were conducted at 
fifteen-mimite intervals, and it would .seem that if the blood lactic acid 
cemtent were changing rajudly, the rest periods were hardly ample 
enough to insure tliat a .state of equilibrium between blood and tis.sues 
liad actually oceuri-ed at the time of the observation. A.ssuming, then, 
that lactic acid accumulation in and about .sensory nerve endings is in 
fact immediately re.s])onsihle for the occurrence of ischemic pain, it 
would appear from the above con.sideralions that analy.ses of venous 
blood would at best reflect only indirectly the magiiitude of such accumu- 
lation and therefoi'e a strict i)aralleli.sm between exercise tolerance and 
blood lactic acid content could hardly he e.xpecled in all experiments. 
An analysis <jf our observations from this jmint of view at once discloses 
some .significant facts. Lactic acidemia, as brought about by e.xerci.se, 
epinephrine, or the inti'oduction of sodium lactate into the body, was 
rcgulai-ly accompanied by an earlier appearance of i.schemic ])ain in the 
nm.scles of the forearm. In mo.st experiments this effect outla.sted the 
rise in blood lactic acid content, hut in no in.stancc did exercise tolerance 
return to normal in the face of continuing lactic acidemia. The convei’se 
<)1 this was not always irne, namely, decreased foJ’carm exercise tolerance 
otten occurred without rise in blood lactic acid but, for rea.sons previ- 
ou.sly slated, the inference mu.st not nece.ssarily he drawm that the con- 
eentration of lactate ion about the nerve endings was likewise low. ‘NYe 
do not regard this cvideiiec, therefore, as entirely imharmonious with the 
provisifuis of the hyi)uth<‘.sis. It is further ap])arent that the degree of 
hastening of the pain eiid-point was not in pi-oportion to tlie intensity of 
the lactic acidemia. The maximum decrease in the ])o.ssible number of 
hand grasps observed in our experiments was 40 (21 per cent), and this 
oecasimmliY oecurred at a litne when liie concent rat imi of lactic acid in 
the blood liaii returned to normal. This lack of parallelism between 
the two {dietiomcu.’t can be explained by assuming lb;tl the ti.s.sucs of the 
fotoarm are c.apable of taking nj* only a mtiximnm fixed amount of 
lactate ion Ijv diffusion from arterhil blood and that the speed of its 
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acciiinulatioii might vaiy witli tJie content of lactic acid in tlie arterial 
blood coining in contact Mith them. During the initial stages of laelic 
acidemia, the latc of diftusioii of lactate ion from lilood to tissues should 
be lapid, but as the tissue concenti'ation rises, tlic difiusion rate in this 
direction might proportionately decrease until tlie blood lactate level 
becomes low, at u'hich time it is reasonable to suppose that the direction 
of diffusion reverses itself, lactate ion now jiassing from tissues to blood. 
This conception adequately explains the typical course of events seen in 
most of our expieriinents ; namely, a rapid drop in exercise tolerance dur- 
ing the first fifteen or thirty minutes of mduced lactic acidemia vdien the 
diffusion rate is rapid, a flatteuuig out of the curve as diffusion from 
blood to tissue becomes slow, a gradual recovery by reversal of direction 
of diffusion occurring after the concentration in the blood has fallen to 
normal. 


Some of our experimental observations, however, are not in strict 
agreement with the hypothesis that lactic acid is the sole substance re- 
sponsible for ischemic muscular pain. In some of the experiments deal- 
ing with trapping of the pain substance in the forearm after its release 
from the legs, no rise in lactic acid content of the blood was encountered, 
vdiereas the decrease in forearm exercise tolerance was consistent and 
unmistakable. Likewise, its magnitude was quite comparable wit h that 
occurring from induced lactic acidemia. This may well indicate that 
another substance or substances may be capaiilc of producing ischemic 
pain. In one such experiment the level of inorganic sulphate of the 
blood was followed, but no appreciable change occurred. Aurep and von 
Sallfeld^' have recently shown that there is released from contracting 
muscle a stable vasodilator substance which they identify, on the basis of 
biologic assay, as liistamine. We carefully sought for evidences in our 
exiieriments of histamine effect upon the general circulation following 
repeated release of pain substance from the legs. No fall in blood pres- 
sure or flushing was ever observed, nor was the electrocardiogram 
altered. In many subjects, hoAvever, a slight fall in pulse rate, varying 


from 6 to 10 beats, occurred in from eight to twelve minules after the 
sixth release. Tliis phenomenon is worthy of further study, particularly 
since a similar occurrence has recently been noted in cai'diac patients 
folloMung -work on the ergometer.^"* 

Another series of observations which are not .strictly in accord with ihe 
lactic acid hypothesis are those dealing with the effect of gluco^e iqion 
the formation and disposal of the pain sulisiancix It will be recalled 
that the exercise tolerance of the forearm was materially inei eased and 
the trapping of pain substance could not be accomplished. In one sueh 
experiment there was a slight rise in the con central ion oi blood lactii, 
acid, but no alteration of forearm cxcrci-so tolerance ivas demonstrated. 


GOXGIXSIOX.S 

Our coiiclnsions from tbe evidence herein pre.sented c.ie: 

1. Tlie substance or substances responsible for pain in excrerstng 
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i'-flioniic mu-seles are relatively stable, may be present in the blood 
stream for an a])preciable period following tlicir release from such 
muscles, and may diffuse into tissues distant from their point of origin. 

2. Snell snbstance or substances are produced likewise in nonischemic 
exercising innscles, and their concentration in the blood stream follow- 
nitr vigorous exercise is materially increased for an hour or longer. 

.'h Increase of lactate ion in the muscles of the forearm, brought about 
by whatever means, uniformly enhances the action of the pain substance 
produced by these same muscles. 

4. Probably an increased concentration of lactate ion about the 
sensory nerve endings can, per se, produce pain, such increase not neces- 
sarily exceeding metabolic limits. 

5. It is possible that lactate ion is solely responsiiile for the production 
of iscliemic pain, but release of other substances, which are beyond douhl 
suliject to similar metabolic laws, may play a role, and these slioulcl hi; 
investigated. 

Wo wish to tliank flio voliintoer.s who .‘jubjeefed thcnisolve.s to those <;,Nperiinonls 
and Miss L. Jotntogaard for toohnicnl a.osistancc. 
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CREATINE CHANGES IN HEART ^MUSCLE UNDER ^’AIHOUS 

CLINICAL CONDITIONS^ t 


George Herrmann, H.D., George Deciierd, .'\I.D., and 

Tom Oliver, i\LD. 

Gai^veston, Texas 


* I ^ HE GstablishiiiGiit of a satisfactory explanation of tlic plivsiolonv 
1 of skeletal ransele contraction on a cliemieal basis involving phos- 
pliocreatine has revived interest in tlie clicinistry of heart muscle 
under various clinical and experimental conditions. The nev' approach 
seems to offer some promise of elucidation of such intricate problems 
as the finite basis of myocardial u'cakne.ss. of cardiac hypertrophy, and 
perhaiis even of pharmacodAuianiie action. A more fundamental ex- 
planation of heart failure has long ])een demanded by elinieinn.s, im- 
pvessed by the frequent absence of adequate gross and microscopic 
findings to exidain the clinically observed eom])letc runclional insufli- 
ciency of the cardiac musculature.'^ That something more tlian inor- 
idiological changes must be sought out has lieen frequently indicated, 
and that biochemical changes may play an important i-ole has been 
; suggested. 

BIOCHE^kllCAL BACKGROT’XD 


ConstabeP in 1921, following the earlier suggestion of Pekelhering'- 
that increased muscle tonus was associated with higher erealine con- 
tent, found that the creatine content of atonic, dilated or damaged 
human hearts was usually low. These ob.servations were apparently 
lost for thirteen years. During these intervening years, however, the 
great mass of exiDerimental work on the physiological chemistry ot 
skeletal muscle contraction has been carried out in Germany, in Ensf- 
land, and in the United States. Since 1922 significant contrihntions 
to our knowledge of this subject of muscle, physiology linve been pub- 


lished from.EmbdeiUs laboratory. In one oi! the early papers Emhdcn 
and Lawaczecld x'^i’^senicd observations ot reactions whicii demon- 
strated the importance of organic phosphates in mn.scle plnsioIog>. 
The, interpretation, that the observed increase in inorganie ]>]ios- 
phates as well as the formation of lactic acid during mnscnlar ron- 
traction came from a hexosephosphate, laefaeidogon, vas appaientl^ 
in error. LohmaniU later (1928) showed that, liy tlie method used 
by Emhden, the orthophosphate yield came mostly from the .splittinir 
of pyrophosphate and only in small part from the laetacidogen. .and 
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that nucieoticle pyrophosphate M'as an important compound in muscle 
metabolism. Lohmann noted distinct decrease in pyrophosphate on 
ffintraclion and also noted that the pyrophosphate was linked to 
ad(-nyHc acid. The siditting off of ammonia (Nil,) in muscle eon- 
traotion v/as found by Embden and Zimmermann'^ and by Parnas and 
Mozolowski" to come from adenylic acid. Embden coiTclated the 
(>ndurance of muscle for prolonged contraction witli its phospholipid 
content. 

Imndsgaard's halogcji acetic acid experiments® proved that muscle 
work is possible, and consequently that the chemical processes of 
contraction may occur, without the formation of lactic acid. This 
relegated lactic acid formation to a secondaiw position and fitted in 
with the observations of Embden and his coworkers that the pH of 
the muscle changed to the alkaline side, not to the acid side, at the 
instant of contraction. 

Fiske and Subbarow,” hoAvover, clarified the whole matter when they 
di.scovered that creatine phosphoric acid as a secondary potas.sium 
.salt, pho.sphocreatine, was the active principle that made up part of 
what had previously been determined as orthophosphate. Eggleton 
and Eggleton'® simultaneously identified the active substance as 
"phosphagen” an unstable form of organic hexosephosphate, a phos- 
phoric ester of glycogen, or a i)recurser of both lactacidogen and 
lactic acid. Later these authors acknowledged "phosphagen” to be 
creatine pho.sphoric acid or pho.sphoereatine. Nevertheless, glycogcn- 
lactic acid metabolism is essential, supplying as it does the energy 
foi- })hosphocreatine resynthesis. while the intermediary products as 
bexoKe])bosphate act as buffers. 

Embden and Lehnarfz" had emphasized the I'eversible phosphate 
brcalnlown and rebuilding in recovery, with decrease of the synthesis 
in tnti”:uod muscle. Fiske and Subbarow'* determined that the phos- 
phocreatine-glyeogen ratio in .skeletal muscle I'cmaincd fairly con- 
stant : both deerea.sing equally under aerobic conditions, while in 
anaerobiosis the pho.sphocreatine disappears more rapidly than the 
glycogen and the ratio falls. Phosphoereatine Avas found to be rela- 
tively stable in an alkaline medium, A'ot it hydrolyzed with increasing 
velocity a.s the pH rose. A lactic acid acido.sis results in a lo.ss of 
creatine and of pota.ssiura from the mu.scle cells. Creatine, phosphates 
and potiissittm were thus e.stabli.shed. alonir with glycogen and lactic 
acid, in skeletal muscle phy.sitdogA*. With these facts before them 
if Avas logical for investigators to apply the same methods to the .study 
of heart muscle phy.siology, 

VollmeF- found pliosidiocreatine constituting from 75 to 80 jior cent 
of the total creatine content of the re.sting A'cnf riciilar muscle of the 
stxAc beating tbin-walb-d turtle liearl. He noted Ibaf llie phospbo- 
efeatine dropped to from 20 to 2-5 per cent of Jbe total creatim- after 
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contraction. Pollaclv, Flack, Essex and Bolhnaid® ])ave made .siniilar, 
but technically much more difficult, studie.s of plio.sphoercatiue in 
dogs’ hearts from the Starling beai-t-lung preparations. The failure 
of these investigators to confirm Vollmer’s findings may be due in 
large measure to the difficulties inherent in mammalian heart studie.s. 
]iamely, the inability to freeze the muscle in the desired phase of 
contraction. 


HUMAN HE.VRT MUSCf.E CREATIXE STUDIES 


The experimental studies as to the creatine and xihosjihocreatlne 
changes in cardiac muscular contraction seemed to indicate that xiroc- 
esses similar to those of skeletal muscle pliysiology wore at work. 
Renewed interest was aroused by these reports In the prolilems of 
human heart function. Coiistaliel’s findings were recalled and ex- 
tended by VoUmer and others and various other chemical studie.s were 
undertaken. Wilkens and Cullen^'* noted a decrease in total phos- 
phorus and potassium in the heart muscle fi’om patients wlio had 
died in congestive failure. Scott, with material supplied him by 
one of us, confirmed the potassium loss. Seecof, Lincgar and Myers’^ 
followed up Constabel’s and Vollmer’s studies of the creatine content 
and reported the creatine values for the various parts of 102 human 
hearts. They found the left ventricular muscle to contain uniformly 
more creatine than the right, with a mean of 243 mg. per cent for the 
left and 188 mg. per cent for the right, avei'ages of 211 and 148 mg. 
per cent, respectively, and ranges of from 116 to 369 as against 93 
to 283 mg. per cent. Vollmer had reported ihe left ventricle to con- 
tain 221 mg. jier cent and the right 173 mg. per cent — a 20 per cent 
difference — ^ivhereas Constabel had elicited only a 10 per cent differ- 
ence. 


Cowaid’ has supplied corroborative evidence of Constabel ’s early 
contention that lowered total myocardial creatine values were found 
in hearts that had been seriously damaged. In H of 17 hearts from 
, patients who had died in congestive failure, he recorded total creatine 
values of from 92 to 152 mg. per cent. These figure.s are low a.s 
compared with those found in “normal” hearts (from patients who 
had died of other causes) which showed mean values oi 202 mg. per 


cent ± 37. 

Under our direction in this laboratory V . 0. Brown, Jr,, anahzed, 
as our first series,’® the left ventricular muscle trom oO adubs, kindk 
supplied us from autopsies hy Dr. Tom Oliver, Dr. Jarrell V illiams 
mid Dr. Sion Holley, of the staff of the Department of Pathology. 
Thirteen of the 50 hearts wore from iiatients with congestive falhne 
and in these the creatine values ranged from So to 332 ana aveiageo 
ill mg. iier cent, whereas in 10 hearts from })a1ients with .^^plnIitic 
aorlie disease, the values ranged from 110 to 3->7. and awi.mcd 
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nxf:. per cent. In a iniscellaneous group Avithoiit gross heart disease 
the creatine values ranged from 123 to 205, -with an average of 150 
mg. per cent. 

ERESEXT STUDIES 

A scciuid series of 105 human hearts, in wliich the left ventricular 
nnisclo has l>een analyzed in our laboratory,®’ furnishes the basis for 
this paper. The creatine values in this second and larger group of 
hearts oorrespond rjuite closely to the previously reported findings, 
imt they will be set down in detail as a matter of record. 

Table I 


CiaiATEVE COXTEXT OF NORMAL HeMAX HEARTS 
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The results were tabulated aceordiug to the clinical and post-niorlem 
data under the headings: 1, apparently normal hearts; 2, grossly 
abnormal hearts that had not showui failure; 3, hearts from patients 
dying of congestive cardiac failure; and 4, inl'areted hearts from 
patients wdth coronary thrombosis. 

Groitii 1 . — There ■'.vere 34 hearts which were apparently normal, the 
analyses of the left ventricular muscle of which showed an average 

Tabj.k II 


Heart Disease W'ithoitt Failure 
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creatine content of 175 ing. per cent ± 20.7 total solids of 20.3 
I-er cent ± 0.877, and dried mitsele values of 868 mg. per cent ± 70 
■ Table J). 

arovp 2.— A series of 30 hearts from patients vith heart disease, hut 
without heart failure, presented creatine values that averaged about 
!he .same as those of the normal hearts, namely, 173 mg. per cent, 
20.1 per cent, and 860 mg. per cent. Of these, one from a patient 
with rhenmalie aortic regurgitation and mitral disease was found to 
eoiUain 210 mg. per cent creatine, 19.9 per cent solids, and 105.8 mg. 
per cent in dried left ventricular mnscle. 

Six hearts from patients with hypertension, hut not in failure, 
.showed an average of 198 mg. per cent ± 15.6 of creatine, 20.4 per cent 
of solids, and 970 mg. per cent ± 79 of dried muscle; wdiile 11 with 
coriinury sclerosis alone averaged 157 mg. per cent creatine, 20 per 
cent solids, and 783 mg. per cent dried muscle. 

In the left ventricular muscle of hearts from six patients who died 
in nrcinia with glomerulonephritis the creatine value averaged 159 
mg. per cent, the solids. 20.3 per cent and the dried muscle, 781 rag. 
per cent ; the values in five cases of severe anemia averaged 157 mg. 
l)er cent in creatine, 19.3 per cent in solids and 819 mg. per cent in 
dried muscle (Table II). 

Grovp 3 . — Of particular interest to us is the small series of four 
hearts from patients who died following acute coronary thrombosis. 
In the.se the heart muscle from the region of the infarct uniformly 
showed striking losses of creatine when compared with the iinin- 
farcted myocardium. In most in.stanccs the relation was about 2 to 1. 
In these hearts the creatine level in the lininfarcted muscle was also 
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reduced to about tlie same eoncenl rat ions found in the hearts (»i 
patients with congestive failure (Table IIT, A). 

Ten hearts from patients with prolonged and complicated infec- 
tious diseases. with microscopic evidence only of myocardial damage, 
presented similarly low creatine figures, averaging 319 mg. per cent, 
with 20.8 per cent solids and 671 mg. per cent in terms of dried 
weight (Table III, B). 

Group 4. — Thirty-two hearts from ])aticnts who had died in conges- 
tive failure were found upon analysis to contain about 30 per cent 
loss creatine than normal with the following values for the h-ft ven- 
tricular myocardium: creatine, 122 mg. per cent ± 20.8; solids, 20.3 ± 
1.2 j)er cent : and dried weight, 605 mg. imr cent ± 100 (Table IV). 

These values corroborate our previous reports and those of others 
except for the ten low values found in infectious diseases of a chronic 
and complicated type, as shown in Table IIT. P>. 
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Cov.-an did not find low creatine values as the result of infectious 
diseases, hut Conslabel reported figures quite similar to ours. In 
faet. our normals are distinctly below those reported by Cowan, but 
again agree with Constabel’s normal levels (Table V). 
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THE EFFECT OP POTENTIAE VARIATIONS OF THE 
DISTANT ELECTRODE ON THE PRECORDIAL 

electrocardtogra:m«' 
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With the Techn-icae Assrf5TA^x'E or 
Bertha Rader, A.B. 

New York, N. Y. 


T oe most important of tlie controllable factors that influence the 
form of tlie precordial elect roeardio"ram may he listed as (1) the 
location of the exploriiifrt electrode, (2) the size of the exploring- 
electrode, and (3) the potential of the indifl'erentf electrode. The 
effect of the first has already been adequately demonstrated h.y the 
extensive work of Wilson and his associates.’"" The second will he 
taken up in a later publication. It is the purpose of this article to 
emphasize the significance of the potential of the distant electrode in 
the determination of the form of the curve obtained wlioi the explor- 
ing electrode is placed over the precordium. 

Leads lY. V, and VI as de.scrihed by Wood, Bellet, ItrcMillan, and 
W()lferlh'’' are suitable for an analysis of this type because they serve 
to bring out .some very obvious, though apparently not very well 
known, relationships. In taking the.se leads, the right arm electrode 
is placed on tlie ]>recordium in the vicinity of the apex, the left arm 
elrn-trode on the hack at a point just medial to, and below, the inferior 
angl<? of the left scainila, and the left leg electrode on the left leg-. 
By jiairing in succe.ssion, the precordium with the hack, the pre- 
i-ordium with tlm left leg, and the hack with the left leg, Leads IV, V, 
and VI, respectively, are obtained. By joining each jiair with a 
.straight line it is easy to visualize a triangle laid out in tiic sagittal 
plane of the body to the left of the inidline. Roughly, this triangle 
is equilateral, hut vdiether it he regarded so or not, it ean easily he 
shown that Lead V equals Lead IV plus Lead A'L The .simple prin- 
eipie upon wiiieh tin’s rule depends is the same as that upon which 
EinthftveiFs law that Lead II equals Lead J plus Lead 111 also de- 
pemK. This jn'ineiple, recently discussed by AVilson, Macleod and 
Burlcer.' is that the difieiviure in potential between two points is the 
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same as the algebraic sum of the diffei-enees in potential between each 
of these points and a third one. Clearly, the law liolds regardless of 
the shape of the triangle formed by connecting tJie tliree points. Jbor- 
ever, Avith the new leads the size and the direction of tlie electrical 
axis in the sagittal plane cannot be calculated as in the frontal plane 
AAotli EinthoA^en’s triangle, for at lea.st two reasons: first, because the 
source of potential is eccentricall.v placed in the sagittal triangle so 
that the iirecordial electrode is innch closer to this source than eitlier 
of the other two electrodes. In the case of Eintlioven's triangle the 
geometric and trigonometric foiannlas used in the determination of 
the size and the direction of the electrical axis are based upon the 
fundamental assumption that tlie, electrical foi’ces generated by the 
heart are located at the center of the triangle. This is the same as 
saying that these formulas can be used only when the three points of 
leading in any plane are equidistant, or distanf“ from the heart. 
Second, the preeordial electrode will be influenced most b.v those 
muscle elements of the heart closest to it. Tliis is easil.v deduced 
from the change in the contour of the ventricular complex as the ex* 
ploring electrode is placed on various parts of the exposed ani- 
10, 11 , 13 luimaid- heart, or on various parts of the intact 
animaE'^- or human-- preeordium. Because of the nature of the 
laivs gOA^erning cui-rents in A'olnine conductors, those muscle elements 
clo.se to the exploring electrode Avill cause large variations in its 
potential, compared Avith the effeets of the entire heart on the distant 
electrode placed either on the dorsum oi- the left leg. The electrical 
variations of the first, therefore. Avill lai-gel.v detej-mine the form of 
the cui’A^e obtained. 


This second point brings out a serious disadvantage of any system 
of leading from tAAm points on the bod.\', one of Avhich is near to, and 
the other distant from, the heart. It is imjm.ssiblc to sa.v, from an 
in.spection of the ciiiwes obtained, Avhich deflections ai-ise from the 
potential Amriations of the exploring electrode, and Avhich from the 
potential Amriations of the indifi’erent one. IIoAvever. the former may 
be freed of the efi'ects of the latter, as demonstrated by Wilson and 
his associates, either iiidirectl.v by calculation, or directly l)y malting 
use of an indiJTerent electrode knoAvn to be at zero potential. 


Wilson*’ .shoAved that the jmtential V of any apex of Kinthormi”s 
triangle is proportional to the cosine of the angle 0 made by the elec- 
trical axis Avith the line drawn from the center of the Triangle to the 
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apex in question. By converting 0 into terms of a (tlie . angle made bj'- 
t)ie elcelrieal axis with the horizontal) Wilson, Maeleod, and Barker^'* 
ohiained an exjjression for the potential of the left leg, namely, 

T'r — ^ > 

wIkto Ci and e. represent simultaneous deflections in standai’d Leads II 
and HI. With the aid of this expression it is easy to see how similar 
tmes for Ihe potential of the preeordimn and of the back, in terms of 
both the standard and the simeial leads, may be obtained. 

If C}. Cj, and Cc represent the deflections in Leads IV, V, and VI, 
re.speetively, and 7>, V/i. and Vr, the potentials of the precordium, the 
baclc, and the left leg (apices of the sagittal triangle), then 

% = Va - Vp (1) 

e, ^Vp- Vp (2) 

C, = F;. - Fb (3) 

Since, as was shown, and will be further demonstrated. Lead V equals 
Lead TV plus Lead VI, 


Cs = Ci + ec (4) 

and r r,,. - Vp) == (Vp - F,.) + (V,- - Vp) (5) 

Two expressions for the preeordial potential and one for the bach 
potential arc therefore-. 


-F/. = c.) - V p 
— T p = Cj — Vp 
-Vp ^ Cc- Vr 


In terms of five of the six leads, these become; 




Cc 



( 6 ) 

( 7 ) 

( 8 ) 


( 9 ) 
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( 10 ) 

( 11 ) 


It is entirely unneee.ssary to ealeniate potoitials in this mannex", how- 
ever. since they may he simply and rapidly obtained by the direct 
xnethnd fir.s{ de.scribed by Wilson, ^lacleod, and Barker in 1932, and 
itirtlier elaborated in 193-1.^ With this direct method an attempt has 
been made to denionstx-ate the quantitative and qualitative efl'cets of 
the jjotential variations of a distant electrode on the cni-ve obtained 
y. hen this electrode is paired with one on the pi-ecoi'dium, as is done 
il*. ^ Wolferth and liis associates. 
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METHOD 

Nine subjects ^vliose standard electrocardiograms siiowed widely vary- 
ing electrical axes in tlie frontal plane were selected. The clinical diag- 
no.ses in these and a brief summary of each are given in Table I. TJie 
essential electrocardiographic features in tlie .standard leads were as 
follows ; atypical right bundle-branch block in two; left bnndle-In-anch 
block in one; a deep Q in Lead I with a QRS interval of 0,114 .see. in 
one; a QiTi tyjie of curve associated with infarction of the anterior 
wall of the heart in two, one of which also showed a QRS interval of 
0.110 see.; one each of right and of left deviation of the electrical axis 
with QRS intervals le.ss than 0.1 sec.; and, finally, one elect rocardio- 
gram normal in all respects except for slight deviation of the electrical 
axis to the left. 

On each .subject a series of nine electrocardiograms were taken 
simultaneously with standard Lead I in the following order; three 
standard leads with the galvanometer string at normal sensitivity 
(1 cm. equals 1 mv.) ; Leads IV, V, and VI of Wood and Wolfertli; 
and finally the potentials of the preeordium (Vr). the back fT/.-L 
and of the left leg (Vf). In ordei* to have comparable enrve.s, the last 
six, with one exception, were taken with the galvanometer string at 
half-normal sen.sitivity (1 cm. equals 2 mv.). All curves were taken 
with the patients in the sitting position. Leads IV, V. and VT were 
taken in the usual way. The i-iglit arm electrode wa.s placed in the 
fifth intercostal space in the left midelavicnlar line, the left arm elec- 
trode just medial to, and below, the inferior angle of the left scapula 
with the patient's arm at his side, and the left leg electrode on the 
left lower log. The potentials of these three points were then ob- 
tained by pairing each in siicce.ssion with an indiil'erent eleclnide, 
connected through separate, fixed, noninduet ive re.sistances of 5,000 
ohms to the right arm, the left arm. and the left leg, re.spectively. The 
potential of such an electrode lias been lU’oved by Wilson. Johnston. 
Macleod, and Barker^ to be practically at r.ero potential tbronglnnit 
the cardiac cycle. The meebanies in talcing tlie potentials were such 
that in the finished record positivity of the exploring electrode was 
represented by a downward deflection. Early in the e-xiierimcnfs it 
was learned that tlie preeordial electrode bad to be bold at precisely 
the same point while recording Lead IV, Lead V, and tlie potential 
of the precordinni nhvb for otherwise the relationships discussed above 
did not liold. Tin's fact emphasixe.s the marked effects on the pre- 
eordial eleetroeardiogram of even the sligbiesl movement of the ex- 
ploring electrode. 

The electrodes used on the extremities were <>f German .‘iilver 
wrapped in flannel wet with saturated saline. On the preeordium 
and back the electrodes consisted of a piece of sponge .soaked in 
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.atRi-atecl salhie placed in the end of a small test tube where it made 
with a German silver plate. These electrodes had to be held 
iTJ phice by an assistant. Tlieir area of contact with the chest or back 
\,as ronyhly circular, about 1 cm. iii diameter. 

Two "nlvanometers were used. One (upimr string in illustrations) 
Vm!s a Iliudle Xo. 2 (Cambridge Instrument Co., Inc.) with a string 
rf-.n'.siance of 4,000 ohms. In circuit Avith it was a single stage, vacuum 
tube aiiiplificj*,'' which made it possible to take all .special leads Avith- 
mjt changing the ten.sion of the gah'anometer string. The other 
juachine Aras a Hindle No. 3 (Cambridge Instrument Co., Inc.), also 
Avitlf a .string re.sistanee of 4,000 ohm.s. It Avas placed perpendicular 
to flio fi;-.st machine and its string .shadoAv Avas deflected by means of 
a plane mirror into the camera slit. In only one instance was parallax 
ju-c.sent with thi.s arrangement. The second instrument was used in 
flic ardinnry way to record standard Lead J at either one-half, three- 
tifth.s-, or full sensitivity of the string, depending npon the sixe of the 

Tabcu n 

A’riltic.' in tcnt!i,« of a millivolt of defloctions in .special leads occurring .simultane- 
ously 'vitli various point.e in .standard Load 1, indicated in the second column. Lead 
lV.*1>ead V. and I.ead VI are tlio.«c de.seribed by t^^ood, Bellct, McMillan, and 
Arolfcrtli. 7V and J'n arc the potential.s of the same points on the pTccordium and 
nn tile Rack re.sjieclivcly. ui'od in taking bead lAL is the poienti.'il of the left leg. 
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deflections (lower curve in all illustrations). Siinultaneons points in 
various leads were determined with the aid of a comparator designed 
by Capt. BDiott and inaiiufactnred by the Cambridge Instrument Co., 
Inc. The points selected were tbo.se tliat seemed most likely to show 
a very high deflection in all special leads, and they varied in each sub- 
ject (Table II). 

Where it. was possible to identify tlie “intrinsic deflection,” the 
time of this with re.spect to the beginning of the ventricular complex 
in standard Lead I was measured with the comparator. Used by the 
same operator, the error with this instrument was not greater than 
± .003 see. 


RESULTS 


Table II shows the values obtained for simultaneous deflections in 
Leads IV, V, and VI, and for the corresponding potentials of tiie 
precordium the back (VjiJ, and the left leg fVj.-). In mea.sur- 

ing these, it was necessary to select the proper sign before the figures. 
In the leads taken according to the metiiod of Wood and Wolferth, 
an upright deflection was positive, and a downward deflection, nega- 
th’e. The reverse, howevei-, was true for the point ])otentials. because 
the hook-up to the galvanometer was such that a positive variation in 
potential was represented in the finished record by a downward move- 
meiit (see footnote p. 700). 

If the columns in Table II headed “Lead IV,” “Load A',” and 


are compared, the cpunititative elt'ecis of the potential variations 
of the back and of the left leg upon tiiose of the precordium can be 
seen at a glance. The greatest diifereneo between simultaneous po- 
tentials in Lead lA^ and in Vr was 0.72 mv. (Case 4). The greatest 
differeuee between simultancons potentials in Lead A"" and \p was 
0.64 mv. (Case 5). The mean difference, witliout regard to sign, in 
the nine cases between twelve simultancons, initial ventricular deflec- 
tions ill Lead lA^ and in V/> was 0.28 mv. The mean difference lietween 


these same deflections in Lead Y and I/* was 0.23 mv. 


Clearly, the 


average effect of the indifferent electrode, whether it he on the left 
leg or on the back, is .small; the important point to be empbasiml is 
that this effect is extremely variable. 


The qualitative effects of the iiidilTcrcnt electrode are apparent in 
Pigs. 1 to 6. It is very easy to see that in every instance tlie potential 
of the precordium (Vp) dominated the curve obtained wlien this point 
was paired either with the back or the left log (Lead lA or Lead A 
This may not be true, bowevor, if the precordial jmtential is small 
(see discussion) . 


The figures in Table II bear out the truth of the law Lead V 
Lead lA’ > Lead A"I, although in one instance there is a discrepancy 


Tin; A.MKRICAX llEAKT JOUUXAL. 


70d 

as Jartre as 0.18 inv. (Case 3). Two reasons were most important in 
deierinininir small dilTerences : first, a point occasionally selected in 
s-andnrd Lead I for measurement was found to be simnltaneons with 
a >-arndly idiaimdufr dctleetion, almo.st vertical in extent, in one or 
several of the special leads. The difficulties in measurin'^ the exact 
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m iiKun: \h- v^.UnUih r>C th»' prf*<-ojc:Uun (Vf^J nn< 

i i wntt^'n ,,j, ... 

ht ,- 1 ^; I. ;;nfl Ho- h*‘ 

'' '.Jrv >-, 

5n :n) 

vt'xt.-ii, ifi* 


tiif. r Uti' 


Wfli- Us<;i! 

anil of U!<.- Ijtick (Vn)- 

t!ii'vo.» Klvf- llio int<’r\'a! txaivixrn tho ar.-it QliK <ioIlretfnn 
’‘■Ciiininx’ of tho rhh-f tij>?tro.lto f Intrinsic ili.aicctlon ) in tho nnfi'-r 


P' t. . ,tT‘. iltt!!'trfitii-n.--', tin- yvniUol.i; mnl f)t:iir«-,s- Jinvo tla' f5.'itri>' .'iKnllU'-'inro. 

I ’'ttl'il. tfa- stu'i'.^r rf j!‘'ltlvity K al“o tho f-nti'j. The llni'.r fines on 
.'.i t,.r..p tfioi, nnc-f.rth of a m-ooh'I. 
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7{}.? Tni: A>rERiCx\x heart journal 

-I'-.- f-r .siH;h a u'efloerion even -svitli the aid of a comparator are not hard 
r.i ihiajL'ine. Second, precordial electrocardiograms, more especially 
those *akcii vrith the exploring electrode close to the apex of the heart, 
vary witli re.spiration. Although simultaneous points in several A'cn- 
tricular cumplcxes vcre measured in every case, and a mean value 
u-;is detoi-njined. some eri-or on this scoi-e was unavoidable. For similar 



n.Ti. rirti,-rfr>oc!''rotic liinrL dRicaPc. ritypioal rijiht 

i/ra nor-.r ! ^ '■'''•o PolenUnl of tl.o loft les'. Vr, 

r’.'n..ron.R.; of hjikanj' in till '''' 

t ri'i-i A" wr,ninr,i;'ry7ai^^^^^^ >Htnaio-bt-a,u;]. 


reasons 1 ,..;k?s IV, V. and VI were not exactly the .same a.s (Vj, - Vj.), 
fl 1 and fl r •- 1'/;A re.spectively. A third factor enters here, 
sliylit nioverncnt of the precordial electrode, which, as has 
already been pointed out, may cau.se very marked changes iii the curve 
obtained. 





KOSSMA.NN-: I'OTEN-TIAL VARIATIOXS OF Dimxi EUCCTBOm: 70,0 

The time of the niti-msie cleflectiou (chief upstroke) of (ho spoeiol 
leads compared with the earliest initial Tontriouiar deflection in Lead 
I iva,s measured irhenever it could be identified. Tlie re.sults are nivci'i 



6. — Case .'i. Recent infnrctinn of tlio anterior wait of the left v>'ntriele. 

interval 0.110 see. 


T.vnu: III 


Intervals bettveen the intrinsic <lefiectiou (cliief npsirobo) of tiio special ioatls an-l 
the earliestj initial, ventricnlar deficction in srainlanl J.ea<l I. The symbols have fiic 
same significance as in Table II. 


CASE XO. 

IV 

V 

VI 

Vr 

1 , 

O.OOf) 

0.005 

0.0.54 

0.000 

O 

o.o-j.'l 

0.045 

0.007 

0.0 55 

n 

0.052 

0.052 

O.tHvl 

0.052 

4 

0.027 

0.027 

0.104 

0.02S 

f) 

0.004 

0.004 

o.noi 

o.OOC, 

(» 

0.02S 

0.0‘2S 

0.00 0 

O.OL’S 

1 

O.OOS 

0.05S 

0.040 

it, 050 

Vi 

0.020 

0.052 

o.rqs 

0.050 

a 

0.040 

0,040 

- 

0.O40 



0.05,5 

O.C.cl 

0.000 

0.045 

0.302 


0.0, 5fi 

0.041 

- 

0,052 


t\02O 
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j!) Table III. lu Lead IV, Lead V, and F/.. the eliief upstroke began 
;j the same time. Apparently _1 be time of this deflection 

!ii fh- first f'' i. tvas iiol influenced by electrioal variations of the dis- 
ranr cieri rede, for il will be noted that the chief upstroke was usually 
hiK-r in Fr and F;; than in F/.. ‘When the. iutrin.sie deflection could 
!)•■ ideiitified in F;j, its time was approximately the same as that of 
the tiiudogous deflection in Lead yj. 


niscu.ssiox 


It is not meant to imply that the many methods of taking preeordial 
clei-trncardirigrfim.s now in u.se are not of diagnostic value to those 
familiar with the normals of .such methods. Few of these, however, 
have established a standard size for the exploring electrode, or a 
definite location for it on the precordium, both of which factors have 
a ti-emendons influence on the electrocardiograms obtained. Further- 
more. by all of tlie.se methods, leads ai-e taken from two points on the 
body, the resulting' curve repi'e.sentiug the dilfereuee in potential be- 
tween them. Since one point is usually closer to tlie heart than the 
other, it i.s imimssihle to detei-mine, by inspection of the curve, the 
size or direction of the potential variations of either. It would seem 
tliat it additions are to he made to our knowledge of the electro- 
[di.v.^iolngy of the heart, the method of approach must be simplifled 
•■'O that the potential of a single point can be studied, ratliei’ than the 
ditieronce in potential between two points. All this was A'ery well 
kmtwn to ‘Wilson aiul his associates when they designed the method 
n.scd to carr.A' out tlie work I'cjiorled Jiere. 


It lias been ])oinled out repeatcdl.v by AVoll'erth''- and by Rolld" 
■ hat although Leads IV and V usually resemble each other, this is 
not alway.s true. From wliat lias been presented, the reason .seems 
ob\ion.s. When discrepancies occur, they are due to considerable dif- 
letciicc.s in the potential variations of the back compared with those 
Oi the left leg, provided tlial the preeordial electrode has not been 
nuAcd while taking these two loads. Tiieoretically, this should bo 
most conumm in patients with myocardial infarction near the base 
of the anterior wall of the left ventricle. 

Case :i,'' Pig. (J. is an example. Tlie ju'ccordial eleirlrode, jilaced 
over inrareied muscle, was negative (Vj.). The left leg (V,.-) also 
"^T'Jttive potential, but the peak of its curve came vor.v much 


•Tm 

Lie. 

/iirr.-:cr 

O;*- ,(,i 

Hi 

S' 

''t;''"' 

Cr.t!.- 
< .ir. ! 




. , V *" n''<'ro(<.'y tJe*,"; ami one-’i.'i’f montliH after tlio curves tfimwn In 

■v-tf ,r.* JV~'^ '■ , ,T‘. te art '.veivlii'.l ~(irj frm, .Man; than half of Oie anterior 
'^ 1 ' *’■ ' ‘ '''’etiiele. The trirtetal pel learilitini was mtlien.-nt to the 

.. ■. a-'pwt, <„ Oi!,'. clianiher. Tie r>; v.-,a« f-\ten.-lve. ohl infareth/n of 

r- !-,! ,ape.v. tiie at, I,.;,! foiir-nroie ' ■ 

ahl-. sna tie- !, !.((•;,( f'vnr-tifth, 

1 fe t 

■ rii- .•r.ijr.t! Shrt-mhus, 

V, 

the l. r? 


■ ih. n 
• rv'fiarv. 


htn r.'u-i' of 

'.-■t- n-'si,-.- 
The r.,-! 


of the ant<Ti-,-r .atvl Irit'-ral u'.allH of the 
of the anterior Ihlnt of tie- Interi'entrJenl.ar 
tin; tnf.aioteri .ar> a nii.« eov<;re,l with a Ihirh. 

.If tliO nrsl 2 5 fill, of (he anterior ile-a.-en-tinu' 
iminin!: limu’ii ar.-t,, <i<clu'i*.'a hy -an oM, pirthilly 
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later tlian that of the preeordial potential, indicatiii.c a difiennit 
origin. This peak was simultaneous with, and therefore resjmnsible 
for, the iuTei-ted deflection in tlie QRS complex of Lead V since there 
is only a suggestion of such a deflection in tlie jjrecordial iioleotial. 
Yp. 

A striking experimental example of this can be seen in the article 
by Wilson and his associates^'’ on myocardial infarction jiroduccd in 
dogs by ligation of tlie septal branch of the left coronary artery. In 
Fig, 4. on page 601 of that article, the potential variations of the left 
hind leg are very much larger than those of several precoi’dial points. 
The effects of pairing each of the precordial points witli tiie left hind 
leg ai’e shown in Fig. 5 on the next page. Tlie curves thus obtained 
are decidedly dominated b,v the potential variations of the left hind 
leg, and are A-ery different from those I'epresenting the true precordial 
potentials. 

A clinical example of a preeordial electrocardiogram dominated by 
potential A'ariations of the distant electrode was not seen in this small 
series, and it would seem unlikely that such an extreme situation ever 
exists in humans. Howevei-, the many curves thus far jniblished. 
shoAving marked differences betAveen Leads IV and Y. are evidences 
of the extent to Avhich ])otential A'ariations of the distant electrode may 
distort the preeordial electrocardiogram. 

In this group, Case 2, Fig. 4. is an examifle. Leads IV and A' differ 
comsiderably from each other and from the true ]>recordial potential. 
Vp. An important point is brought out by these electrocardiograms. 
The prominent notch on the descending limb of the QK8 of V;* is 
almost absent in Lead IV. The reason for this is apparent if Vn is 
examined. The la.st QRS deflection in this curve is njiward. With 
the eoriiparator it aaois discoA'cred that this was simultaneous with the 
notch seen in Vp. Since both are approximately the same size, and 
since both represent simultaneous negative A'ariations in jedentiai of 
the tAAm points concerned, then Avhen the difference in potential be- 
tween these AA'as taken (Lead IV). the notch jAractically disap}>eared. 
The rcA’erse occurred in one iimtance (Case I). Roth slurring and 
notching in Lead Avero due tf> jiotential A'ariations of tlie let! leg, 
rather than of the preeordinm. 


suAnrARA: and conclfsions 


The qualitative and qnantitatiA-e effects of the jiotential variations 
of the distant elect rode in Leads lA' and A’ of AVolfertli ami his asso- 
ciates have been demonstrated Avith the aid of an indifferent electrode 
shoAvn by AA’^ilson and Ids eoAvorkers to be at zero {nuential ibrougbout 
the cardiac cytde. The potential variati.ms of the j^fi 


SCI 


or a 


jioint on the bach, medial to, and .isist beloAv. the inferior angb* of the 
leftsenpnla, Avere nsnaliy small compared with tlie i»ol(‘nSia! A'ariations 
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..f |i!---{-orti;inii. In tlie cases studied, the latter dominated the form 
..f '-•If.-froc-ardiogram obtained when the preeordium was paired 
With cither the point on the hack or the left leg, as in Leads IV and V. 

Tim litne of tlie “ititrinsic deflection,” when this could he identified, 
was nsuany the same in Lead TV, Lead V, and in the curve representing 
the potential of the preeordium. Slurring and notching in eleeiro- 
{■ardiogram.s obtained by leading from two points on the body may 
be line to j)otentia] variations of the distant electrode. If the position 
and size of tlie exploring electrode are kept constant, marked diiferences 
between Deads IV and V can be dne only to considerable ditferenees 
bctwcoj the potential variations of the back and the potential varia- 
fions f'f t!)o left leg. 
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HBMICONSTRICTION OF THE VASGULAB SYSTID[ 
ASSOCIATED WITH CEREBRAL DISEASE^' 

Wm, J. Kerr, M.D., and Franklin J. Under\vood, H.D. 

San Francisco, Catap. 

I T IS generally recognized that patients with hemiplegia may exiu'hil 
changes in temperature, color, and sweating ol the ])aral>-zed ex- 
tremities and that edema of the involved limbs may be jn'escni. Within 
the past few years there has been renewed interest in these plieiiomena, 
especially in view of the work of J. F. Fulton and his assoeiatesd who 
have observed and studied vasomotor effects of central origin, in the 
course of their investigation concerning the functions of the premotor 
area of the cortex. Following ablation of this area in monkeys, they 
have consistently observed vasomotor phenomena in the continlaleral 
extremities, and they consider these autonomic effects to constitute one 
of the characteristics of the “.syndrome of the jiremotor ai'ea.’’ Both 
experimentally and clinically, liowevcn-, it is exti'cmely rare in hemiplegic 
limbs to find a marked diminution in the blood pi'e.ssurc and in the 
pulsations of the major artei-ies of the affected side. During the past 
two years we have been fortunate in being able to study a patient who 
has a remarkable hemiconstrietion of the vascular system assoeiated 
with cerebral disease of the opjio.sile homisphero. 


CASE REPORT 

H. M., a tliirt.y-tlivco-year-oM American clcrtn enteroti tin; Univor.sify of California 
Hospital for the first time in April, lO.'i-J, witli the chief complaint of eonvul.«ive 
seizures of nine year.s’ duration. He had been well until the ago of twenty-three, 
toil yeans before entry. At that time he dovelojied an infected right lower molar 
tooth. A week prior to the extrartnw of the tooth lie complained of a vt'ry .-severe 
frontal headache lasting for one day. Following the e.vtracfion. he partook of eon- 
.siderable alcohol, and two days later after drinking excessively at a party he became 
unconscious, but awakened the following morning feeling we!! nnd remained until 
noon when he again fainted while at work. During the ensuing week he felt well, 
theii ho awakened one morning feeling confused and drowsy nnd was unable to 
speak. This motor aphasia })or.si.sied, nnd two days later he was transferred to 
the Methodist Hospital in Omaha. Neb. Two days after arriving there, he firs? 
noticed that the right side of his Dice, hi.s rigiit arm. and right leg were paralyzed. 
A letter from the Methodist Ho.sjiitJil inforni.s im that he had a very typical motor 
jxphasiii with the usnal findings of right hemiplegia. His tempenature was' normrd, 
and lii.s puhse vjiried between fin :ind <10. His .spinal llnid pressure was slightly over 
200 mm. of water, and there weri' 25 cells per cubic nullimeter, 1*2 jxw cent of wld»'h 
were lymphoojrio?. The Lange curve was o.l-IfinOOOn. jind the Idood a:vl spinal rlnid 
^ynsserm!lnu tests were negative. It was the itnpressinn of Dr. G. Alexander Yonng 


•From the Department of Mtslieine. University of OaUfornLa Modica! sV3,r.,-,5. 

tin' Sivtion for the Ptndy of reriplicral Cirvulntion .>f th.e .Am-rP-an 
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ll.cut ti-«! putionf? If.-'ion wn5 iu the left lower central parietal region, and the 
patlicdoi^if’al proce,'*^^ wa 5 con^itleretl to he one of three! a focal encephalitif*, a 
c>'ni>r;il ;ih~ae^s or a tinnor. After eight weekp in tiie hospital his speech and muscle 
power tiad hegnn to return. He noticed at this time that his right side was cooler 



to,. J.~-I(ti:*itr;t!Hnr th'* !i-f .vl vas.-aron'-triction, and the rculnn of the brain 

affected. 


p-ral t‘e-re 
tie-’ U h 
l.:-d i.!- ;> 


>■,5 le-.v tiiiiTi hi.' left, }|)» oh’-ervi'd iliat the piilso at his right wrist 

• te? ji! ttT!;* - cetjj,; jj,,; 1.,. One v^'.ar after tli'-eharge from the }jo.“- 

ftt'!- n-.-idmi priralv.'i,., ;ij)d returned fairlv nv-l!. At this 

d <: 'i-er. ‘ ’ t attjf ing 'iw’ll*' f#n »»ne and several v.v*(dcs later he 

t ,)a-t:~/,ri'rir. -j -.-tue, JuUiute.l by inv<.hiT»!;try contHtetion of his right nrm. 
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and rotation of the head to the rigid, followed inunediafoly by uaermseina.^nc^.-^ aim 
convulsions. After this time lie had several seizures a year, ami on one ocoasion 
in. 1928 lie had a series of fifteen .suceessive convulsive attacks. Between J92S 
and ISott he had only two seizures, the hist occurring two weeks before entrv. All 
of the seizuies have been similar, beginning’ with forcible raising of his rigid arns, 
and with sudden rotation of the liead to the right, followed by nnconscioiisness'and 
convulsions lasting for several minutes, and associated with the biting of id.s tongtie 
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Fig-. 2. — O.scillometr.v, s'nowin.!? no oscillations in tho riaht < xtrcinitn-,- 
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pulse on tin 
in amplitude obs 
never been 

in the right leg. 

his entire right side was cooler, and that it persjjired Ics.- i.jan tai a ft 

On physical examination in 19o4 it was noteil that he ].:ui .i >ii*,..t .-U.rrin^ t... i 
difficulty in speech, although the action of his palate aun tu.gr-’ a-ni.-i. 
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The rijriit facia! muscles were definitely weak. Tlie motor power of all extremities 
htii was slialifly less on the right than on the left, and the movements of tlie 
ri"!it ana and leg were notiecalily elumsy. There was moderate atrophy and spasticity 
of ihe right limhs, and tlieir reflexes were IniJenictive. He had a sustained ankle 
clonus and Babinski sign on the right. The most striking finding on xdiysical exam- 
ination ivas that the radial tind brachial jndstitions were barely jtereeptible on the 
tigiil side, iind the poplitetd, dorsalis i)edis, and posterior tibiul arteries could not 
ha felt to pulsate on that side. The pulsations of the temporal, carotid, and femoral 
arteries were found to be very slightly diminished on the affected side (Fig, 1). 



} !r. , 1 . Intravenous pyeloKrauts, sliowinn rlcin pelvis and calyces reduced in sittn 
ns oonip.-irci witli tliose of the left kidney. 


riietr iipjjfared to !»' no difTerein'e in (he* retimil arterioles of tin* two sides. Tlie 
blocs! jm'S'-ure could not be obttiined in the right arm and leg by the usual method. 
Ill*' 'kin of the extremities on the iifTcetcd side was slightly cooler and drier than 
of the !i<jrmril sidir, tmd there was the peenli.'ir thickening and iiypertonus of the 
s.-.ir, t'ii the riyli! ride that one of n.' (\Vm. .t. K.) has frequently observed rvith 
!c,').ii!s of the sx.imd cord: fiiis effe'-t jwesntnably resulting from interference with tlic 
muonomi.- tiKir. supplying ihe s',;5n.‘ There was sliuht edema of the right ankle, 
sitai. v-len tin* !,.o wn-, held is! ji fli>peiident position, there was cnjiisidcrable cyanosis 

arteries on the left side were* all of 

of .a r-part by Wrn. J, Kerr. 31.0., and Ciiarles A. XoWe, 
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/good amplitude; however tlie vessels were distinctly thickened nud tortuous: and 
the blood pressure was elevated (lSO/110 left arm. and 210/120. left leg). 

Course . — Since the patient’s first admission in 19.74 there has l>ecn. essentially no 
change in liis neurological status. He has had three Jacksonian seizures, the last o:- 
curring in March of tliis year. It is of interest that toward the end of this last con- 
vulsion^ and for at least twenty minutes thereafter, his wife observed that Ids 
pulse at the right wrist was much more easily felt than usual, althougli it was .still not 
equal in amplitude to that of the left. Other than for this observation there has 1*001! 
no noticeable change in arterial jmlsations; however, there has been considerable 
change in the appearance of tlie right foot. IMierea-s in 19.74 t)io p.atient’.s chief 
complaint was the commlsive state, now it is related to the disal.dlily from hi.« right 
’ lower extremity. When he hangs his foot in a dependent position tliore now occur.*; 



a Tofr-i-i-od nholographs. sliowing the inerca.'^cd venou.' markings on the 
right 'side as compared witlf those on the left. The hyperemia of the toes and glos.sy 
jippoaranco of the skin are also illii.stnrted. 

a remarkable reddish blue hypermuia of the too.-. .'Similar to Ihu! ..con in throndm- 
an-iitis obliterans. The toenails of the right H-ot have become tho-ken-’d and 
brmic The skin of the foot is thickened and glossy, and on one oeeasiem he 
developed small patches of .scleroderma on the ankle atid calf. On mmccrotm occa- 
sions l,e has had tlirombophlebilis of souse of the smaller veins in the right lower 
Eio-ht month.s ago he first noticed a callus on the ball of lus nght toot. Th.ts 
be'eame hifocted and was drained, but it failed to heal properly and still caused him 
..onsiderable dfscor.ifori. -\.s before, we are unable to obtain his blood pre->ure by 
the\isual method: however, by the -'two cutT” meihod it luas P;;en detenanmd to 1- 
ns mm svstolie in the right aimi :is eomptmal to IfiA i,, the left Tirta. .and only Po 
in the ri.d.t le«- as eotniutivd to .19*t in the left leg, }ty <.>.-i]i.:.a:-„gry there were foun-i 
to be no oseiilation-s in the right ^extimnities. whereas in the left eyfremities tlie 
curve was essenti.ally normrd (Fig. 2). 
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L(^hoTO>fr]j l) 0 t<' nr.il Spti'w.! rfovrthirfs (T(thU Tlic f:iot that nearly all of 
taa.vu ve<M-N of the ri^iit .M-le are atTeoted to some decree is, in itself, good 
.. ;...^;tinrr thert* heing any extrinsic periplieral niechanisin responsilde for the 

.-hanue^; how.-ver, hy means of x-niy films of the cervical spine we excluded 
• i rvn ai rii-. A fdin of the i-liest showed normal heart and lungs, and no evidence of 
aammrdon.- vt>-e!.-, Filins of both arms showed no evidence of calcification in tlic 
:-,r.-cri.-s. and the l.ones afif-eared nornml. ft is of interest that intravenous pyclognims 
-h-r.rcd a sun ill right kidney with pidvis and ealyees rcdiieed in size tis eonipnred 
’.vith the* left kidney (Fig. “i. 

Onr second group of studies was eoneenied with vasomotor jihenomena. Sinn 
tf-mperatun-s were .-.lightly lower on the right than on the left side, and the rise 
uitii spinal anesthesia was not quite as groat in the right leg ns in the left. The 
pnFati'ms of th.c vessels still eouhl not he felt tiftor spinal anesthesia. There 
v.a.s, likewise, no hi<‘n'as(‘ of pulsations on the right side during deep anestliesia 
witSi <>',lier. Exereisc. immersion of tlie extreinilies in wtirm water, and inhalation 
of arayl nitrite made no appreeiahle differenec in arterial pulsations. Assuming 
ticit the iiicreasetl jmlsations noted during his last eonvulsion might be due to in- 
'•roa.M'd blood ]>res,-ure. we attempted to reproduce this condition by giving the patient 
1 of 1 : 1.000 adieiialin f intratmisenlarly ), .and somewhat to our .surprise we 
found that. aUhoiigh there was the nsu.al marked rise in the left extremities, there 
U'O'. no appreciable change in the blood pressure of the right arm and leg. Pilo- 
carpiiv (10 mg. i seemed to ineretise slightly the pulstvtions in the right radial artery. 
Thf sweatin'.: induced by lliis drug was approxini.ately erju.'il on the two 81(10.“. The 
iiistamine flare ti'st was (‘citi:il and normtil on the two .sides. Infra-red phofograph.« 
of the trntik and extrernitii's showed an increased vimoiis circulatory bed on tlie right 
'!'!c as compared tvith tlie left (Fig. -I). Arteriogriiriis were attemjiled but were 
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.unsuccessful because of the difficulty in inlroduf.iuc; a needle in the fetiKirn! 

artery. Biopsy of the skin from the riijht ankle .sliowed moderate Ihiekenii!.” of the 
skin, and a small thrombosed vein with the lumen full of leueoc’ites, 7‘ed blood oells, 
and fibrin. Biopsy of the pectoral museles on both sides showed normal appearing 
arterioles. 
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(jiSatf'i >nh:i, which is evidence of n high degree of cortical atrophy. TJiis is most 
ir.arhed in the posterior portion of the frontal lobe, and in the temporal and parietal 
lols-. The ontlincs of the rialit ventricle appear normal’' (Fig. 5). 

DhSCUSSIOX AKD COX'CLUSIOKS 

Tlio Otiologn- of thi.s palicnt's cerebral le.§ion is not entirely clear, 
ferebr.'il tlirombosis would seem to be Ibc most plausible diagnosis. 
However, wo assume that he has a high degree of atrophj- and searring 
of the left cortex. There is evidence of only minimal impairment of 
motor power in the right extremities, whereas the vascular changes 
tnv remtirkahle. Tn view of the work of Fulton and bis coworkers, who 
li.'ivo shown that in hemiplegia the s])ast icily, impairment of coordinated 
movements, tind vasomotor phenomena are characteristic of lesions in- 
volving the premotor area, one may perhaps attribute some of the find- 
ings in our ])a1iojit to involvement of the left premotor area. In this^ 
regard it is of some interest that his Jacksonian seizures begin with 
eomplfx- involuntary movements of the arm and head, and that, accord- 
ing to Fulton and Vids, this type of reaction is more typical of pre- 
motor .seizures than of those arising in the motor area, in which ea.se the 
.seizures are more likely to hegin in one muscle group and to progress 
in (jharacteristic maunor to other larger muscle groups. 

Ill considering the vascular changes which this patient shows in his 
right ext remit ic.s, we find that they are out of jiroporlion to the muscular 
spasticity and weaknc.ss, and therefore cannot be attributed to atrophy 
and disuse of llio exfremitie.s. The bi.slory suggo.stR that there may bo 
some degree of spasm of the arteries on the right side, inasmuch as the 
jiatiint has noticed some variation in the umiditude of pulsations of his 
right radial artery. Also in favor of this view is the fact that pulsations 
were notieeahly greater following an epileptic seizure; however our 
vascular .studies indicate no evidence of spa.sm. In the right leg, espe- 
cially. the }»afient now demonstrates nearly all of the findings a.sso- 
eialed witii occlusive disease affecting the larger vessels, and the listing 
oi these findings would read almost like a textbook description of 
thromboangiitis obliterans; namely, absent pulsations, intermittent 
clattdicaiinn, hyperemia in dependent position, delayed reactive hyper- 
emia. trophic i-hanges in the skin and nails, and recurrent phlehiti.s. 
Inasmuch as the change in the arterial pulsations was obseiwcd .so .soon 
atler the patient's hernijilegia, it .seems quite po.s,sil)le that va.sospasm 
may have hemi pn-dominnul i’or a time following the hcmijdegia or may 
possibly liave juecoded if. hut now there is evidonee of organic occlusive 
arterial ui.'icasc which ha.s {irogre.ssed considerably during the two yeans 
utiiic we have observed him. He undoubtedly ha.s developed a fairly 
exteiiHive eolhiferal circulation, and we ,<ce evidence of thi.s in the infra- 
red f'hotography. 

In the literature tlicre are many observations emicerning the blood 
rm.-esurr in nemiplegie r»afients. These have lieen ahlv reviewed in a 
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recciit article by P. C. PucyA v?lio fotiiid that liierc was a great dis- 
crepancy in the findings of various observers. Tlie blood pressure on 
tlie paralyzed side has been reported to be higher than on the normal 
side in some patients, and lower in other.s. He states tliat the reported 
findings are liard to evaluate because of the fact that normally there 
may be considerable difference in tlie Ifiood pressures on the two sides. 
More consistent observations have been made concerning temperature 
changes, and it is fairly well established that early in tlie. course of a 
hemiplegia the affected side is likely to be warmer, and later to become 
colder than the normal side. Bucy has reported a patient wlio de- 
veloped a sudden right hemiplegia eight days following an automobile 
accident. The right arm was cold and cyanotic, and the pulse and blood 
pressure could not be obtained. Howeve]*, over a period of day.s the 
pulse and blood pressure gi’adually returned to normal. In reviewing 
the literature he was able to find a report of only one patient with fin 
old hemiplegia, in whom the blood pressure could not be obtained on 
the paralyzed side.^ 

Penfield'* in 1933 reported thirty patients with epilepsy in whom he 
induced attacks by stimulating the cortex directly. Accompanying these 
seizures, there were interesting vasomotor ])henomcna occurring i)i the 
vessels of the brain, namely, arre.st of visil>lc pulsations in the arteries 
and engorgement of veins. Usually this vasoconstriction was quite wide- 
spread, although occasionally the arterial pulsations disappeared in a 
localized area, and immediately after the convulsion transient focal areas 
of cortical anemia could be seen. Following the seizures, tlie arteries 
pulsated violently and became biught red. Peufield o])sorved on scvoi'al 
occasions that rvith the central arterial .si>asm the radial pulse also dis- 
appeared completely for a .short ])ei-iod. 

Zenner and Kramer^ have reported a patient in whom the right radial 
pulse could not be felt during the removal of a dural endothelioma from 
the left side. Osier, in an article pnbli.slmd in 1896 entitled '^The 
Cerebral Complications of Raynaud ’s Disease.’' descril)ed a patient with 
aphasia and a right hemiplegia who had local asiOiyxia of the right hand 
and fi 7 m]ly gangrene of the fingers. These and other reports sngge.st 
that a hi"h dearce of ])eriphera] vasoconstriction may he associated with 
cerehral disease. 


Tn a .study of va.somotor dist\irhances resulting from eoilical lesioits. 
Ivenunrd" has slunvn that after ahlation of the premotor area in monkeys 
and chimpanzees, the skin temperninre of th.e contralalei-al foot was con- 
sideraWv lower than that of the normal side. She made the interesting 
observation that if ibe environmental lemperauire was low this dilTeretice 
was marked, hut if it was relatively high there was Tcry little, if any. 
differenee in skin lemi'ieratnre.s of the two sides. She fonmi that ihv 
vasocotmt riel ion was V'lxnnpt and e‘<pml in Ir itii feet when i\n opore.te-i 
animal was placed in a cold ojivironment. Init when it was fiien rapidly 
transferred to a warm environment there was a distinct lag in vasodilrJa- 
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utjii on the afu-etrd ?ide, thus mdieating an impairment of the vasodila- 
tor nuf'haiiism resulting from ablation of the premotor cortex. Other 
autouojnhr ffs'ects observed were transient edema, changes in the color 
.tf the skin, and diminished ])erspiralion on the affected .side. No change 
in blond })re.ss:ure was observed. 

The cortieosjnnal patlnvays from the premotor area have not yet been 
(•ompletely traced: hovever, the coiu-se of the.se fibers has been clarified 
corisiderably by the recent investigations of Hoff^ and of Kennard.” 
V<ry i'iilie Ls known about the corresponding corticospinal autonomic 
])aiiiway.s. They ])robably traverse the capsule in company with the 
pyramidal fibers. JTunsicker and SpiegeP'^' have produced changes in 
skin temperature of the contralateral extremities by cortical stimulation 
it! cats, and this effect persists after section of cither the pyramidal or 
the extrapyritmidal ju'ojcction .systems but disappears when both tracts 
arc cut. indicating ))robably more than one pathway for vasomotor fibers. 
It is known, of course, that there are va.somotor centers in the hypo- 
thalamus. aufl it has been suggested that these are under the inhibitory 
control of the cortex. With destruction of the cortex, according to this 
hy])othesis, these lower centers are '‘'relca.sed” to increased activity, thus 
givimj rise to va.somotor effects. As Kennard ])oints out, it is impo.s,sible 
to say whether some of the effects are due to cutting off of an active 
vasodilator mechanism, or to the removal of an inhibitory effect on the 
nu'chanism of vasoconstriction. 


Summarizing the sequence of vascular changes in our jjatient, we pre- 
smiU'd that vasoconstriction of the larger ve.sscls of hi.s right extremity 
-tecurred foilowiiur the cerebral accident. At least we can .say that there 
wa.s probably interfenmec with the autonomic nerve sui>ply to the skin 
and blood ve.sseks, and that this x>rc.sumab]y resulted fj’om involvement 
of tjie jircmotor area of the left cortex. Structural changes have Jiow 
oceiirnsl it! the larger arterie.s of the right side. Possibly the profound 
vasomotor imbalance incident to his hemij)lcgia hastened the evolution 
of an ocrdu.s'ive artej-ial disease. We know that even the vessels of his 
Icjf .side arc abnormally thickened and tortuous atid that he has hyper- 
tension on that side, (,'onsidcring the frcfiuency of hcmiidegia and the 
rarity ot such marked and ]H‘rsistent changes in ])ulso and blood pi’cs- 
•^urc, one must ])rt)l)al)ly assume .some such unlniown factor. Wh.alcver 
tl’.e nuclumism. there is evidence tliat the patient now has unilateral 
obliterative arterial di,seas(\ wbieli simulates tliromboaugiilis obliterans 
in main- respci-fs.f 
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8UAIAIARY 

Pile C 0 se icpoit is presented, of o. iiitilc, ejicd tlnrly-foiir yejirs. who 
was found to have marked vasoconstriction of the major ni-teries: of Ills 
right extremities, following a light hemiplegia in 1924. Jacksonian 
seizures hegiiining in the rigid arm likewise ensued foilowinir 
the ccrchral accident. 

Prominent findings at present are: (IJ the absence of ]nilsations in 
the larger arteries of the right side, with other evidence of vascular 
insufficiency; (2) the finding of hypertension on the opposiJe (left) side; 
(3) eneephalographic evidence of marked ali'opliy of the left eercbral 
cortex. Yascnlar studies indicate that vasosjiasm is minimal or absent, 
and there is evidence of nnilateral obliterative arterial disease. In view 
of the recent observations of J. F. Fulton and Iiis assoeiate.s, it is .sug- 
gested that vasomotor effects of central origin may have jiroceded and 
precipitated these changes. 
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THE ELECTROCARDIOGRAPHIC CHiCNGES FOLLOWING 
CORONARY ARTERY LIGATION IN DOGS*t 

BnKKDK’T R. Hakius, ]\r.D., AXD RAY^ro^’'D Hussey, ]\I.D. 
New Havex. Coxx. 


T his report eoncerns itself with the results of serial studies of the 
elect roeardiographie changes following ligation of the anterior 
dem-ending hratich of the left coronary artery in dogs. The series of 
experiments was designed primarily to correlate the various changes 
incident to coronary closure, vh., electrocardiographic, chemical, his- 
tologdc, and .surface thermometric elianges. An op])ortunity was thus 
afforded of ii}terpreting the electrocardiographic findings in the light 
of the.se other changes, as well as to study more specifically the dis- 
turbances of rhythm and the deviations of the various components of 
the electrocardiogram. In other articles,^- the chemical, histo- 
logical, and surface thermometric changes ai’o commented upon at 
length. 

METIJOD.S 


1 iio nictlied of c-vpf.surc and of ligation of the coronary artery is outlined in 
detail in a previous pai'or.i Tlic licart.s -vvero exposed by an incision through the 
left fourfli intor.'-pace and the anterior descending branch of the left coronary artciy 
v.itli it.s aecornjjaiiying veins ligated within 2 cm. of its origin, after which the peri- 
<’ar>)iurn and chest wtill tvere tightly closed. Anesthesia wa.s obtiiined by the in- 
tr.'iperitoDeal injection of a 10 per cent .solution of aniytal in dosage varying from 
to O.o c.e, ])(>r hilogram of body weight. The dogs employed weighed from 15 
to 2U kilograms. Elei-troctirdiograms were taken before openition, at lioiirly in- 
fi-na.Is for the taadve hours after ligatitm, again at twenty-four hour.s, at 

daily intervals for fho ne.vf week, and at weekly intervals thereafter, until the dogs 
Jia-emnbed or were killed. Conventional limb leroks were used in all instance.s. Im- 
JiH’diatviy alter the tf-iniination of the e.xiierimentfi, necropsie.s were performed. The 
he.-jrts were esnmined grossly for ehange.s in consi.steiicy and appearance of the 
fiyorardinns. and tlie coroiifiry arteiies were injected aith k').“muth (method of 
tiros-jj as well us earefully explored to determine whether the vessels had been conn 
pletely (h'i'lndod l>y the ligatures. Plorlcs of tissue were taken from the normnl 
.ii.d iniur.'ti'.l for Iiistologie study. Satisfiictory electrocardiognims were 

obta.'iised in Cifjy dogs and .serve as the Icisi.s for the residts reported. 


inSTOItIfAE 

Xegaiiviiy of tijc T-wave in tlie electrocardiogram in asKociatiou 
with oxperhnciilal ligation of the coronary arteries in dogs was first 
des.crihed by Kahn” (111] is. Thi.s was confirmed b.v Smitii*''**^ (1918, 
19_iS, ipj.i! ill ji c;ir*-ini serial elnelmeardiograpliic .study of dogs 
foRowitjg lig-.'itiitti of the coronary aiiery, and tis aufUlmr result of this 

♦Fruni I >. j Ittas ,01 of Yn!.- U.ulyer.dty Kclfeot of .M- dU-lne. 

TL^'- Ifi'. ' -‘tJp -t 'AH tl hy lilf' Jtr.'iSrill MfiGy J T. tioii. 
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iiivestigatioii lie described changes in tlie initial deflection and the S-T 
segment. From clinical studies Pardee/' (1920) stressed the S-T seg- 
ment changes and described the high or low take-off of the S-T seg- 
ment as particularly signifleant in recognizing myocardial infarction. 
Later, the "cove-plane’' type of T-ivave so frequently obsej-ved in 
acute and recent myocardial infarction was described by Ojipcnheimer 
and KothschikP® (1924). Parkinson and BedfoivP'^ (1928) expressed 
the oiiinion that daily variations in the characteristics of the S-T seg- 
ment and T-wave deflections are of greater signifleanco than elianges 
in these components at ani* isolated interval; thus emphasizing, ns 
Smith did, the importance of serial elect rocardiograpliie studies in 
order to observe successive changes that may occur. 

With these facts established, the elect i-ocardiographic evidence of 
myocardial infarction became generally accepted, and attention was 
directed to the possibility of localizing the site of the infarction by 
the electrocardiogram. Parkinson and Bedford, Barnes and Whit- 
ten, Barnes and Manu,i^ and Ci-awford and his associates^* have con- 
cluded that lesions in similar sites ])rodncn e.ssentially tlie same type 
of curve, lesions in tlie left apical region anteriorly giving rise to a 
Ti type of curve, whereas lesions at the posterior and basal parts of the 
heart give rise to a T 3 type of curve. Some doubt has been entertained 
regarding the speeifieity of the.se eurve.s in localizing lesions, particu- 
larly in passing from experimental I'csults to clinical analogy. This 
discussion has to do with the coiitrover.sy regarding which artery may 
be involved, a question which .seems to have been settled satisfactorily 
by the work of Wolferth and hi.s a.ssoeiates*'’' * '• with the u.se 01 
direct chest leads. Barnes and Whitten*- suggest that the apparently 
contradictory results may lie due to a ditfei-ence between the coronary 
circulation of tlie dog and man. b’nrther consideration must also he 
given to the variations in the di.stribution of the coronary arteries and 

their branches. 

Electrocardiographic studies in conditions not a.s.soeia(ed with coro- 
nary arterv -occlusion, .sueli as rheumatic fever, pnenmonin, pericarditis 
wild! effusion.**’'-'^' clearly indicate that the T and B-T changes are not 
specific for coronary closure and may he encountered occasionally in 
other conditions. Barnes and ^laun have. rc]iorled experiments in which 
simple opening of the pericardium without other changes produced T 
and R-T changes similar in character to those seen after coronary artery 
lic-ation. The work of Foil. Katz, Itloore, and Scott*'* emphasize.s the 
importance of regarding those elect rocardiogra])hie chrmge.s as an in- 
dication of ischemia irro.spcetive of the caus*.\ 

rONTROi/ STUDY 

For ]Ujrj)oses of comjmrison, electrocardii\grnphie fracings were 
taken in each instance tmfore the operation wa.^ begun, ih>? animal 
bein" under full amytal anesllie.sia at ilm time. As a furilier control. 



DOG.aa 
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described as “tj^pical of coronary occlusion.” Of tlie 25 dogs in 
wliicb Ti was negative in tlie control period, Te was positive in 6 
instances, negative in 10, and diphasic in 9, while T?, was positive in 
15 instances, diphasic in 4, and negative in 6. In only one instance 
was there any deviation of the S-T or RS-T segment of the electro- 
cardiogram. In one of the two control animals no early electrocardio- 
graphic changes were noted. Nine hours after operation, however, 
there were slight directional changes in the T-waves, which became 
pronounced by the third, fourth, and fifth days, and were noted in 
-lessened degree over a further period of three weeks. In the second 
control animal, slight S-T and RS-T changes were noted in the first 
nine hours postoperativehL Twenty-two hours after operation tliere 
were further directional changes in the T-waves, and two days later 
the dog was found dead. 

COlNniENT ON CONTROL STLT)Y 

T-wave negativity, even of the cove-plane type in Lead I, Lends I 
and II, or in all three leads cannot be considered as pathognomonic of 
coronary occlusion. Moreover, it is evident that there is a marked vari- 
ation in the normal tracing of the dog, and that the interpretation of 
anj’- tracing after coronary closure is of no great value unless it is 
studied in comparison witli a control tracing. 

CHANGES FOLLO^VING LIGATION OF THE ANTERIOR DESCENDING 
BRANCH OF THE LEFT CORONARY ARTERY 

The changes noted consisted chiefly of (a) disturbances of rhythm 
and (b) changes in the direction and configuration of vai-ions compo- 
nents of the electrocardiogram. 

Disiurlanccs of EJn/thm.-~Scxcvi\l types of arrhythmia were fre- 
quently encountered following coronary artery ligation. A large num- 
ber of dogs (15 of 50) developed ventricular fibrillation either imme- 
diately or within ten minutes following ligation. Graphic tracing.s of 
several of these instances were recorded. When ventricular fibrillation 
did not occur immediately, there was usually a period of normal 
rhythm for a variable number of hours, following which in 18 recorded 
imstances there appeared isolated premature ectopic contractions, aris- 
iu*!- as a rule from more than one foeu.s, usually both nodal and ven- 
li-rcular. rarely auricular. These did not usually make their appear- 
ance before three hours after ligation — in some instanee.s not before 
‘^4- hours after ligation. The greatest ineidonee of onset was from six 
to eio-ht hour.s following ligation, 12 of the 18 appearing at this: inter- 
val In every instance in which ectopic lieats appeared, a nodal or 
ectopic ventricular tachycardia followed within one t<) two hours. At 
first the intervals of tachycardia were brief. <‘onsisting of not more 
than 6 to 8 beats, but these quickly lengthened, and being a ntislurc 
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of taeliycardias resulting' from stimuli arising in different foci, the 
rhjdhm -^vas grosslj^ irregular. Those animals which developed ectopic 



tachycardia were obviously in a terminal state, since they Avere found 
dead in their cages within twenty-four to forty-eight hours. It is 
quite likely tliat ventricular fibrillation followed these ectopic taehy- 
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earclias because it was possible to obtain a record sliOY'iii" the transi- 
tion to Ycntricuiar fibrillation in several instances. In one instance the 
seq^iieuee of arrli3’'thinia was reversible. There developcid a sccjuenee 
of premature beats, nodal and ectopic ventricular tacdiyeardia, a ]>ricf 



period of impure ventricular 
nodal and ectopic ventricular 


flutter, then ventrifular taciivcardia. 
prematur(* ijcats. and fiiialH noinial 


rhythm (Fig. 2). 

Comment on Dmivrhancc^ of BhytlmK Fhe di>(n!b<inc! .s oa 
incident to coronary closure are seen to follow a deDnite 


rhythm 

palteni. 
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Ventricular fibrillation is usually the terminal event in the series of 
rhythm ehaimes. As a rule, the sequence of events is as follows: (1) 
premature beats arising singly and from various foci, usually ven- 
tricular and nodal, rarely auricular; (2) paroxysms of ectopic ven- 
'tricular taeliycardia, at first of short duration, later lengthening and 
followed by (3) ventricular flutter, usually very transient and pass- 
ing almost immediately on to (4) ventricular fibrillation and death. 
The appearance, therefore, of isolated premature contractions follow- 
ing coronary arteiy closure is to be considered as having consider- 
able prognostic import, presaging the possibility of the later occur- 
rence of ectopic ventricular tachycardia, ventricular flutter, ventricu- 
lar fibrillation, and death. 

Changes in Direction and Configuration of T, S-T and B8-T Com- 
j)onents. — E-T Deviation (Pig. 3) : Within one hour following ligation, 
that is, in the acute stage of the myocardial damage, there was a devia- 
tion of the E.-T or S-T segment from the isoelectric line. In Lead I in 
26 of 33 dogs studied serially, the R-T segment of the curve started 
from the descending limb of the R-Avave a A^ariable distance above the 
isoelectric level. In 9 of these 26 instances the onset of origin of R-T 
above the isoelectric leA'el Avas pronounced, Amrying from 3 to 6 mm., 
whei’eas in 17 instances this deA'iation aa^s slight, Amrying from 1 to 3 
mm. (1 mm. standardized to equal 1 mv.). 

Where the high origin from the descending limb of the R-Avave Avas 
pronounced (3 to 6 mm.) there tended to be a plateau-shaped, slightly 
coiiA'ex elevation which then descended gi’adually to the isoelectric IcA^el 
at a point corresponding to what appeared to be the apex of a shai’ply 
pointed negative T-AvaA’^e in subsequent curves. In those instances in 
AA'hich the origin aboA^e the isoelectric IcAml was less pronounced (1 to 
3 mm.), there Avas a A'^eiy slight upAAmi’d convexity Avhich led immedi- 
ately to a coAm-plane, sharply pointed negative T-AvaAm. In those in- 
stances in AAdiich the R-Ti deAuation Avas of great magnitude, the 
gi’adual descent to the isoelectric level and the apparent absence of 
the T-AvaAm gave rise to a monophasic tjTie of curAm. This degree of 
elevation of the (R-T) segment ahoAm the isoelectric level appeared 
to be maximum in the first two hours after ligation, after AAdiich there 
Avas a gradual return to normal, requiring two to tAventy-four hours 
for its completion. Definite T-Avaves in the monophasic type of curves 
Avere apparent before the R-T segment had completely returned to 
normal, and in eAmry instance the direction of the T-AvaA'e aa^s directly 
opposite to the deAuation of the R-T segment. Where the R-Ti deAfia- 
tion had been slight, the T-AAmA-e Avas negatiAm in cAmry instance. This 
corresponds to the Ti type of ciuwe described by Pai’kinson and Bed- 
foi'd^^ and by Barnes and klann.^^ 

In Leads II and III R-T deAuations AAmre also present, being particu- 
larly marked in Lead III, in Avhieh lead it Avas constantly opposite in 
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direction to that in Lead I. That is, where R-T arose above the iso- 
electric level ill Lead I, there was a corresjionding depression of K-T 
or (S-T) below. the isoelectric level in Lead III. In the 7 instanees 
in which R-Ti deviations were not present, there was a noticeable de- 
pression of the R-T (S-T) level in Leads II and III, comparable, 
thougli in le.sser degree, to tliat seen where R-Ti cliauges were dcfi- 
nitelj’- present. 

T-'Wavc Changes . — In the acute .stage of the myocardial damage, as 
indicated above, the T-wave changes are essentially constant, being 
opposite in direction to the R-T or S-T deviation, and conforming to 
the Ti type of Barnes and Maiiid’" and of Parkinson and Bedford.^* hls- 
sentially, they are inverted in Lead I and directed upward in Lead 111. 
They tend, as a rule, to be sharph' pointed, of the cove-plane type 
described by Oppenheimer and Pardee. Beginning about twenty- 
.seven hours after ligation, the most conspicuous feature is the varia- 
bility of the .size, shape, and direction of the T-waves from day to 
day, following no fixed pattern, and showing changes over a jieriod as 
long as seventy-three days. As a rule, the changes are in tlie direc- 
tion of the normal, being first noticed in Leads II and III Init often 
stopping short in Lead I so that Ti may remain inverted or flattened. 
These facts indicate quite clearly that it is the change from day to 
day which is the feature of coronary closure rather than a charac- 
teristic coronary type of T-wave. Early there was frequently a con- 
spicuous increase in the amplitude of tlie T-wave. As a rule, it re- 
quired from one to four weeks before the T-waves assumed a noi-mal 
appearance, but even after this period in some dogs T-wave elianges 
persisted, particularly in Lead I and continued until the death of the 
animal. 


OTHER ELECTHOf’ARDJOr.RAPIlir ('IIAXGES 

Q7?S Waves .- — Contrary to clinical coronary occlusion, in which 
ridening and notching of the initial ventricular deflection is com- 
iionly met with, this condition was rarely encountered in experimen- 
al occlusion in dogs. Low voltage of (lie QRS waves in Le.ad I was 
L noticeable feature in more than half of tlie experiments. It oe- 
urred either within the first three hours following infarction or not 
mtil about a week following the coronary occlusion, ihirely there 
icenrred a subsequent increase in voltage, but as a rule, when om-c 
iresent, it per.'^isted for the remainder of the experiment. It would 
eem therefore, that a previous diffuse mytM-ardial fibrosis is juU 
Leee.ssarv for low voltage of QR.S and tliat coronary ocelusion with 
tivoeardial infarction may, in itself, be .snfaeient to l;.rimr almnt tliirs 
bnormalitv. Left or right axis deviation, bundie-lu-aneh block, ae- 
entuation of the Q-wave in Lead HI were rarely etieouniered. 
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EFFECTS OP RELEASE OP LIGATURE 

Til 8 dogs tlie coronary vessels were ligated for varying periods of 
time lip to eight hours. At the end of different intervals the ligatures 
wore removed and the animals killed two hours afterward. The most 
conspicuous result of releasing the ligature was the rapid onset of 
marked arrhythmia, premature beats, ventricular taclij’^cardia, and in 
one instance ventricular fibrillation. It is interesting to note that, 
wliereas no demonsti'able characteidstic alteration was observed in 
the myocardium of animals whose coronary vessels remained ligated 
for less than one hour, in this second gi’oup in which the ligature was 
released, striking gross and microscopic changes were present in evei’j’^ 
case except in one instance in which the vessels were ligated for only 
one-half hour. 

CORRELATIVE DISCUSSION 

In correlating the electrocardiographic changes with the thermo- 
metric, anatomical, and chemical changes as reported in previous pa- 
pers, several features are of interest. The immediate fall of surface 
temperature in the ischemic zone, the marked anatomical changes as 
indicated in these experiments in which the ligatures ivere released 
at vaiying periods up to eight hours after ligation, the immediate in- 
crease up to 100 to 200 per cent of lactic acid, with a similar decrease 
in glycogen content over that of the control zone — all these findings 
indicate a profound alteration in the ischemic zone. It is not at all 
surprising, then, that this injured zone profoundly and regularly 
alters the normal action current of the heart in a conspicuous and 
characteristic fashion, immediately after coronary closure. 

GENERAL DISCUSSION 

It is apparent that in dogs there is a marked iiormal variability of 
the T-waves, Ti negativity being chiefly encountered, but negativity 
of T being found also in Leads II and III. It is further apparent that 
the so-called characteristic coronary type of T-wa^m (Pardee) or 
cove-plane ty^ie of T-wave (Oppenheimer) may also be encountered 
dui’ing experimental procedures in dogs in the absence of coronary 
ligation and with no evident myocardial injury. Deductions derived 
from the appearance of the T-waves of dogs are therefore of little 
value unless control tracings ai*e available for comparison. 

Prom the experimental re.sults presented, it would appear that the 
deviations of the E-T and S-T segments are the most conspicuous and 
most frecpient electrocardiographic evidences of recent focal myo- 
cardial injury. The deviation of this segment above the isoelectric 
level in Lead I and a corresponding depression below this level in 
Lead in ai’e in agreement with the statement of Parkinson and Bed- 
ford,^^ Barnes and Whitten,^- and Barnes and IMann,^® that occlusion of 
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tlie anterior descending brancli of the left coronary artery with focal 
injury chiefly at the apical portion of the left ventricle gives rise to 
a characteristic Ti t'S'pe of curve. In the normal lieai'f of tlse dog 
the current of injury supplied by this area of focal necrosis is of rela- 
tively brief duration as evidenced by the transient nature of tlm R-T 
deviation. 

An early marked increase in amplitude of the T-waves. directional 
changes in the T-waves, characteristically opposed to that of the R-T 
or S-T deviation, a deep, cove-shaped negativit.v, particularly iu Lend 
I, and more particularly the sueeessive changes from day to day and 
from week to week up» to the longest period of observation (73 days) 
may he considered as e%ddenees of reparative pi-ocesses in the affected 
myocardial area. Special emphasis must be ])laccd upon the sncces- 
sive changes and the importance of serial study rather than on the 
appearance of an isolated T-wave. The frcfpient occurrence of low 
voltage of the initial deflection in Lead 1 deserves particnlar comment 
in relation to coronary occlusion. Its frecinent apjiearance immedi- 
ately following occlusion indicates clearly that a ju'evioiis diflu-sc 
fibrosis is not essential for its presence and that coronary occlusion 
alone may he a factor in its production. 

The sequential type of rhythm disturbance following coronary oc- 
clusion merits special emphasis. It is obvious that ventricular fibril- 
lation is usually the cause of death in the experimental animal and 
further that it frequently develops within a few minutes after the 
artery is occluded. However, in many instances there is an appre- 
ciable time interval, nsnally hours, before ventricular fibrillation sets 
im, and the probability of its appearance is indicated first by the ap- 
pearance of isolated premature contractions arising chiefiy in the ven- 
tricle or nodal tissue, later by ectopic tachycardia, nsnally ventricu- 
lar and finally a brief period of ventricular flutter. The appearance 
of any of these arrhythmias is therefore of eonside.rabic prognostic 

import. 

SUMMARY 


1 In 50 dogs under full amylal anesthesia and liefore ojicrative 
procedures, control electrocardiograms indicated marked normal vari- 
ations of tiie T-waves. Ti was positive in 13 instances, isoelectric in 
10 diphasic in 2, and inverted in 25. Ti negativity was iisuaily ac- 
companied by T- aucl T:? positivity, hut in several instances Ig ami 
sometimes T-j and Tr. were also negative. Of iho 25 dogs iu wlsiclr Tt 
was nee'ative. Te m'.'is positive in G instances, negative in 10. and di- 
nhasie hi 0. T.-j was jiositive in 15 instances, diphasic in -L and nega- 
tive in G. Ti negativity was of variable magnitude, not infriupicntly 
sharply pointed and not unlike that described as typseal of mn-uunry 
occlusion. In niily one instance was there any tleviatimi of the S-T 
or RS-T segment of the electrocardiogram. 
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2. Occltisioii of the -anterior descending brancli of the left coronary 
artery is attended with characteristic electrocardiographic changes. 
In 26 of 33 dogs serially studied, deviations of the R-T segment were 
present, being pronounced in 9 instances and slight in 17 instances. 
These deAnations are most conspicuous in the first two hours folloAving 
ligation, that is, in the acute .stage of myocardial infarction. These 
changes Avith associated negatiA'ity of the T-AvaA’^e in Lead I are in ac- 
cordance with the Ti type of change as described by Parkinson and 
Bedford, Barnes and 'Whitten, and Barnes and Maun, v 

3. Increased amplitude of T-Avaves, sharp negativity of the T-Avaves, 
partieularlj^ in Lead I, and sueeessiA^e directional and amplitudinal 
changes in the serial of electrocardiograms persisting as long as 
seventy -three days following ligation Avere noted. Loav Amltage of the 
initial A^entricular deflection in Lead I Avas frequently encountered. 

4. Characteristic changes of rhythm Avere noted following coronary 
occlusion. Fifteen dogs developed A'entricular fibrillation either im- 
mediately or Avithin ten minutes following ligation. Wlien A’^entricular 
fibrillation did not occur immediately, there Avas usuallj’’ a period of 
normal rhjdhm for a A'ariable number of hours, folloAving Avhich in 
eighteen recorded instances, thei*e appeared premature contractions, 
usually both nodal and A^entrieular, rarelA’- auricular. This Avas fol- 
lowed by nodal or A’^entricular tachycardia and later A'^entricular flut- 
tei’, A’^entrieular fibrillation, and death of the animal. 
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PRACTICAL APPLICATION OF THE METABOLIC EXERCISE 
TOLERANCE TEST TO THE TREATMENT OF 
HEART DISEASE^^t 

Basil Blumenthaij, M.D. 

Chicago, III. 

K atz, Soskin and tlieir associates^ have developed a feasible labora- 
tory procedure for estimating, in an objective manner, the func- 
tional status of patients with heart disease. This test is based on the 
excess oxygen consumption aceompanjdng the performance of a standard 
exercise. When a large group of ambulatorj'^ patients were subjected to 
this test, the functional capacity of the heart as judged from the excess 
oxygen consumption was found roughly to parallel the clinical assaj^ of 
the cardiac status. However, subsequent testing by Dr. H. Straruss^ of 
a group of some fourteen ambulatory patients with coronary sclerosis 
and angina pectoris yielded exercise tolerances witliin the normal range. 
It seemed evident that the functional capacity of the heart was not the 
only factor determining the excess oxygen consumption, and further 
studies were deemed advisable. 

In the present studj^ three patients with congestive lieart failure of a 
degree which demanded rest in bed were tested during their hospital 
stay. 

REPORT OF GASSES 

Case 1. — A pregnant woman with so^'cre thyrotoxicosis, Imving dy.spnea, palpita- 
tion, and tachycardia, was tested sixty day.s after admission with complete bed rest 
and showed 9.5 c.c. excess oxygen per kilogram meter of work per square meter of 
body surface. 

Case 2. — A patient with diabetes mellitus, arteriosclerotic heart disease and conges- 
tive heart failure had four tests during her .stay in the hospital. These were run 1, 
4, 9, and 14 days, respectively, after admission. The results ranged between 9.9 
and 5.3 c.c. excess oxygen per kilogram meter of work per square meter of body 
.surface, the indisudual values being 5.3, 7.3, 9,1, and 9.9 c.c. exce.ss oxygen per 
kilogram meter of work per square meter of bodj^ surface. 

These values were within or close to the normal range of excess oxygen consump- 
tion found previously with this test, viz., 2.2 to 7.5 c.c. excess oxygen per kilogram 
meter of work per square meter of body surface. The question, therefore, arose as to 
whether the bed rest which these patients had had prior to their tests could have been 
responsible for their relatively good exercise tolerance. Evidence suggesting that this 
was so was obtained in an extremely cooperative patient during her recover}' from 
congestive heart failure which ivas complicated by a temporary return of congestive 
failure. 

Case 3. — Airs. E. AI., aged tliirty-eight year.^, was admitted on Ivov. IG, 1934, to 
the Alichael Eeese Hospital on Dr. Hamburger’s service. She was slightly cj’anotic, 

•From the Heart Station and the Max Pam Unit of the Jlichael Eeese Ho.spital. 
tAIded by the F. IC Eabson and Max Pam Funds. 
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BLUMENTHAL: METABOLIC EXERCISE TOLERAXCE TEST 

extremely dyspneic, and ortliopneie. Signs of dtiid in llta right pleural caviiv uere 
present. Bales were heard over the left lung base. The nock veins wore pulsaliiig; 
the liver was down three fmgcrbreadtlis below the costal margin and was tender. 
The heart was enlarged to the right and left, both systolic and diastobe niurniurs 
were heard over the apex. Auricular fibrillation was evident : the average vontrieulnr 
rate was 94 beats per minute; and the pulse deficit was 8. 

The patient gave a history of scarlatinal infection in childhood wiili no fontjdica- 
tions. She had no history of rheainatic fever or chorea. Five years before admission 
she had experienced sudden severe pams in the chest and laid a heniojilysis which 
forced her to go to the hospital where she rcnuiiued for five weeks. Since tlmn, 
she had had attacks of palpitation, with increasing ankle edema, orthopnea, and 
dyspnea. 

She was put to bed on admission and received digitali.s leaf, 1 grain daily. On 
November 17 her basal metabolic rate was +31 per cent. On November IS her 
dyspnea was less marked. Her exercise tolerance test on this date was .31.1 c.e. 
excess oxygen per kilogram meter per square meter. The arm-1 o-longuo circulation 
time was 26 seconds. 


On November 21 she was much improved clinically. Basal metabolic rate was ^1S 
per cent; ventricular rate, S4; pulse deficit, 12; arm-to-tongue circulation time, 
25,5 seconds. Exercise tolerance was 16.2 c.c. excess oxygen per kilogram meter 
per square meter. 

On November 22 patient was allowed up in a wheel chair for one hour each 
afternoon. 

Tliree days later clinical improvement continued. Exorcise tolerance was 10.7 
c.c. excess oxygen per kilogram meter per square meter. 

On November 27 exercise tolerance was IS.C c.c. excess oxygon per kilogram meter 
per square meter; ventricular rate, 76 with no pulse deficit; tlio basal metabolic, rate 
was +13 per cent. 


On November 2S patient developed anorexia, was nauseated, vomited, and liad 
diarrhea. The fibrillation of the auricles was still ])resent, the vonlricul.ar rate was 
64 mth no pulse deficit. The patient was put back to bed. 

The next day the patient was very apprehensive. The. ventricuhir rate w:is SO and 
the pulse deficit, G. The exercise tolerance was .13.0 .‘.c. <'Xcoss oxygen per kilogram 
meter per .square meter. 

On December 2, after four duy.'= of bed rest, (he patient was flinicaliy better, and 
subjective symptoms were no longer presmit. She was more quiet and compos-'d. 
Ventricular rate was 56; pulse deficit, 6. Exorcise tolerance was 24.2 c.c. excess 
oxTgen per kilogram meter per square meter. 

On December 5 the patient was much improved and wa.*-' re.ndy to go home. 
Exercise was 14.9 c.c. excess oxygon per kilogratu ntetcr per .^^qisare in-ter. 

The next day the physical cxaniuiatiou showed .nunVular filiriflatb-n, and an e.x- 
plosive systolic munmir over the apex was }>resonT with J>, accentuat.-d. Liver dull- 
ness extended two fingorbreadth.s below the costal unugin. Tl.e liver was not 
tender.* Occasional moist rfiles were heard at the base of ihe hmgs. 

The patient went home, re.-^ted .a uujul>cr of hotirs driiiy. and cnnlintied to tnh' 
di italis ' She vva.s readmitted two months later for .stuilv regardine a 
thvroidcctomy. At that time ther<‘ were no signs of cono'.stsve inilnre. stlH 

had auricular fibrillation with :in average venfrknlar r.He at tie- r.pex of SiK Ihsnag 
this Slav t't the hos]’itul, her exercise tolenitJee was te.-tc.] (Feb. Fs. HFF*;: e.nd gre.c 
; value of 13 5 e.e. exee.'-s oxygesi jaw htiogrnm tre-fer jv-r square tr.eter. 
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COMMENT 

The changes in exercise tolerance of this patient are plotted in Fig. 1. 
Wliile tliis patient always showed an exercise tolerance definitely outside 
normal limits, her low values were not far outside the normal range. 
Tlie observations in this patient are illuminating in showing how labile 
the exercise tolerance te.st can be and how closely the exercise tolerance 
follows the clinical course. In fact, it seems that the exercise tolerance 
returned toward its stable level before otlier evidences of clinical im- 
provement were apparent. 

This experience sugge.sts that the metabolic exercise tolerance test is 
not so much a measui-e of the functional capacitj’" of the heart as it is 



Dale- Nov Deo Feb 

Rig. 1. 


an index of liow close the patient is to the limit of functional capacity at 
the time of the test. In other words, it is a measure of the functional 
cardiac reserve rather than of the functional cardiac capacity, if by 
reserve is meant tlie difference between the total strain the heart can 
with.stand (its functional capacity) and the strain under which it is 
working. Thus, the .strain upon the heart cannot be ignored in evaluat- 
ing the significance of the test. A patient with a low functional capacity 
may show a normal exercise tolerance if his heart has been .spared from 
strain by proper and continued bed re.st. On the otlier liand, a patient 
with a relativebv good functional capacity may sliow an abnormal 
exercise tolerance if his heart has been put to undue and continued 
phy.sical (and/or emotional) .strain. In the same patient, no change in 
exercise tolerance is to be expected if the .strain on the heart is reduced 
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proportionately to the reduction in its functional capacity, nor v.ill the 
exercise tolerance vary if the strain on the heart is increased proportion- 
ately to the increase in its functional capacity. 

According to this conception, the test when applied to ainbnlatoiy 
patients has practical utility since it can give the physician information 
as to how well adjusted the patient’s activity is to his functional cardiac 
capacity. The test when properly interpreted could help the clinician 
in prescribing the regimen best suited for his individual cardiac patients. 
A return of the metabolic exercise tolerance to the normal range would 
justify the trial of an increased work schedule. Especially significant 
would be an abnormally poor tolerance which would indicate clearly the 
immediate need of reducing the amount of activity whicli the patient is 
allowed. 

I \visli to acknowledge my indebtedness to Dr. L. X. Katz and Dr. S. Sosktn, at 
whose suggestion this study was made, for guidance and aid in interpreting re.^ult.s. 
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GONOCOCCUS AOETITIS, WITH SIULTILOCULAR ANEURYSM 
AND CONGENITALLY BICUSPID AORTIC VALVE 

Case Repoet® 

E. Sterling Nichol, and i\lAx Dobrin, M.D. 

Miami, Pla, 

I NSTANCES of infection of the aorta by tlie g-onococeus are quite 
rare, only nine eases being found in a I’ecent search of the literature 
by Asehner.^ The present case is reported because of the unique com- 
bination of a niultiloeular aneuiysm of the aorta with acute vegetative 
gonococcus aortitis and congenitally bicuspid aortic valve with acute 
vegetative gonococcus endocarditis. 

CLINICAL NOTES 

The patient (J. E. T.), a white male, fifty-seven years of age, was admitted 
July 19, laSf, to the Jackson Memorial Hospital, Miami. For three months prior 
to admission he had suffered with niglit sweats, weakness, and loss of appetite. 
He also complained of joint pains, slight swelling of the ankles and occasional 
nausea and vomiting. Later, nocturia and pain on micturition were noted. There 
had heen a weight loss of 30 pounds (13.6 kg). 

Fast Uistory. — Five months before admission to the hospital he had gonorrhea, 
for which he had treated himself with injections of argyrol. Otherwise his previous 
health had Imen good, except for the usual childhood diseases. 

Examination . — On admission he appeared quite ill, with temperature 102.4° F., 
pulse, lOS; and respiration, 24. 'J’here was slight impairment of the breath sounds 
over the right chest posteriorly. The licart was within normal limits on percussion; 
a soft systolic murmur was audible at the aortic valve area, but no thrill was pal- 
pable; the blood pressure was 100/70. Otherwise the physical findings were es- 
sentially normal. 

Laboratory Data . — Urinalysis: specific gravity 1.011, slight trace of albumin, 
no acetone bodies; sediment contained occasional leucocytes, erythrocytes and 
granular casts. Hemogram : erj'throcj’tes, 3,440,000 ; hemoglobin, 65 per cent ; 
leucocytes, 18,750, with 85 per cent polymorphonuclears, 12 per cent lymphocytes, 
2 per cent basophiles, and 1 mononuclear. The blood Kahn, Widal and agglutina- 
tion tests for undulant fever were negative. The blood nonprotcin nitrogen was 
42 mg., the creatinin 1.5 mg. per 100 e.c. Blood culture taken Aug. 29, 1934, 
showed no growth after twelve days’ incubation, but cultures made Oct. 24, 1934 
and Kov. 10, 1934, both showed gram-positive biscuit-shaped diplococci. The com- 
plement fixation test for gonococci was reported positive on Kov. 14, 1934, by 
the United States Public Health Service Laboratory, Washington, D. C. 

Diagnosis and Course. — In view of the evidence of a serious type of infection 
and the absence of other findings, the tentative diagnosis of gonocoecemia seemed 
warranted because of the recent gonorrheal urethritis. However, no definite diag- 

*From the Jackson Memorial Hospital, Miami. 
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nosis Avas reached at first, owing to the early negative bloorl enltare, t!ic absence 
of an enlarged spleen , and the absence of petechiae. The fever was cnatinuoiis. 
intermittent and remittent, the fluctuations being from !)G° to W2- F.. or even 
105° F. on. some occasions. The patient became wealcer, ilie anemia more markeu. 
so that by November 10 the hemoglobin was down to .li: jier mmt in sjole of his 
having, received three transfusions. The recovery of an organism from the Hood 
morphologically similar to the gonocoi-cus on two occasions biter on, and the aji- 
pearance of petechiae and tlie presence of erythrocytes in the urine finallv deter- 
mined the diagnosis of gonococeemia heyond reasonable doubt, althougli more than 
three months after admission to tlie hospital. 



Flc 1— -Drawiner of licart after openimr aorpr ilisplavimr nmltiltnmlar rvn^■o^y^^n 
iig. 1 .— jJiawinfT bicuspid aortic vaUv bvlmv. 


The constancy of the .systolic aortic murmur :md tlie advent of a rather faint 
instolic aortic murmur weio the ba.ms for the diagno.'^L-^ of acute gonu.-rhmd 
ndocarditis. although on November 10 one of us (K. -S. N.i mnde the following 
onsultation note: “Systolic murnn.r of low intensity over urntm t ery faint 

iastolic murmur (aortic). No cardiac eubngement. Fube 7U. Hard to vis:mllre 
ndocarditi.s in this patient iude.« primarily mural rather than valvular.” 

One of us {Ifl- lb) mentioned gonococcus aortiti> as u possible dii.grmsi?, t.c.siag 
his thought on the pn’sonce. of an infectious nidus. w!,ieh p.odmbly wa-* nH a 
alvulitis'becanse of the absence of enr.liar; hyi'crtrophy and am cult at ary dmbng- 
minting to the hu'k of destructive valvular h-.-k-n,, Imt em;?i.irrc,! the likHiLuv-d 
If such a condition rather xemotc. 
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On Nov, 16, 1934, the patient became stuporous, Clieyne-Stokes respiration de- 
veloped, and he expired, nearly four months after entering the hospital, and seven 
months after the initial symptoms were noted. 

CONDENSED REPORT OP NECROPSY 

Dr. I. Youmans examined the body after embalming. The .skin showed small 
hemorrhagic petecliiae scattered over the abdomen, hands, and knees; there was 
some edema of the legs. Bilateral pleural adhesions of moderate degree and hypo- 
static congestion of both lung bases were noted. The spleen was somewhat enlarged 
and showed one small infarct. The capsules of both kidnej'S stripped easily, and, 
tliough no gross infarcts were found, there were minute hemorrhagic areas in the 
cortex. The liver was enlarged moderately and appeared to have undergone 
chronic passive congestion. (The heart will be described below.) 

Microscopic study of sections from the kidneys showed acute and chronic in- 
flammatory changes, with some hemorrhagic areas and minute abscesses in the 
parenchyma. Sections from the liver showed hyperemia and cirrhotic changes, 
and general cell invasion and accumulations of cells approaching small abscess 
formation. 

The Heart and Aorta 

Because structural changes of questionable etiology were found in the aorta 
the specimen was sent for study to Dr. Clarence E. de la Chapellc, whose gross and 
microscopic findings are summarized below: 

“The heart and aoHio arch weigh 282 grams (after fixation). The pericardium 
is smooth and glistening. The chambers and valves of the right side of the 
heart are normal in all respects, and the pulmonary artery shows nothing remark- 
able. On opening the left side of the heart, concentric hypertophy of the 
left ventricle is apparent, the ventricular chamber being quite small, while the 
wall measures 22 mm. in thickness at the base and 20 mm, at the apex. The 
jnitral valve is slightly and irregularly sclerosed along its margin, but is otherwise 
normal and free from vegetations. The chordae tendineae arc normal as are also 
tlie papillary muscles. The left auricle presents no abnormal features. 

“The aortic -valve is congenitally bicuspid (Fig. 1.), with some sclerosis and 
calcification of its margin, and some calcification of what is apparently' the posterior 
cusp. The commissure situated posteriorly is widened (5 mm.), the anterior one, 
however, is normal. The ostium of the left coronary artery, situated in the posterior 
portion of the sinus of Valsalva of the “posterior” cusp, is large, while the right 
coronary artery is seen to have a double (congenital) ostium being formed by 
two small openings about 1 to 2 mm. in diameter located in the anterior portion 
of the same sinus. The course and appearance of both coronary arteries are normal. 
The sinus of Valsalva of the other aortic cusp is dilated into an aneurysmal pouch, 
the interior of which is relatively smooth. 

‘ ‘ An aneurysm with a diameter of 28 mm, and a depth of 15 mm. is present in 
the supravalvular portion of the aorta, its lower border being 8 mm. above the 
posterior commissure of the aortic valve. The margin of this aneurysm is smooth, 
except on the upper border which is ragged and torn, and just beneath the margin 
fresh vegetative material fills up about one-third of the floor, while the remainder 
of the floor consists of multiple loculations smooth and free from vegetations, grouped 
in a rather bizarre fashion, giving a honeycomb appearance. 

Upon cross-sectioning the aneurysm, about half of its wall is seen to be made 
up by the superior vena cava, the rest by the right branch of the pulmonary artery 
.IE it crosses beneath the arch of the aorta. Some of the loculations are thus rc- 
%ealed as smooth small pouches varying in size from a few millimeters to 1 centi- 
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.meter. The rear -wall of the aneurysm seems neciotic nml a small i'.cMr.nrrl'a/ii!’ nifil- 
tration is noted, seen as a discolorated area tlirough tlie ondotholima of the 
superior vena cava. The remainder of the aorta is smooth, vrifh here iind there 
an atheromatous plaque. The supravalvular portion is dilated measuring tm. 
in circumference just above the ring of the aortic valve, l.mt the isthmus p>.r{iou \s 
of normal size, measuring 5.6 cm. in circumference.” 
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Fig. 2.— Locations from which sections wore ^ 6!\-in(r7. “u.rUu 

aneurysm and adjacent aorta; 3, floor of aneurj.sm. 

Microscopic Findings 

“The sites of the most important sections studied mdhmt'ed'in th.c 

sections were stained with hematoxylin and cosin unless o. lei . s- 

descriptions. _ _ . i w Inmlimzed ribrou? tb.^uc 

Aoriic Falvc (Section I).-This valve m ventricular 

and. a small area of calcificatioii is iisible. 1 • ic.^uin ai!r>'mr- 

and aortic aspects of the cusps there is a suppuratne ml. ^ 5 .tat>Tl'd with 

ing as a vegetative process on the inferior aspect, ^ cluster-^ 

hinumernble polvmorphonuclcnr leucocytes* a icv^ * i 
of-debrj? and bacteria; chiefly grani-negatnt ? 
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ular diplococci, and scattered gram-positive organisms. (Goodpasture, Brown and 
Brenn stains.) This acute inflammatoiy response has apparently involved only the 
superficial substance of the valve, and even at the base of the vegetation there is 
no striking cellular response visible, although in the muscular portion (septum of 
the left ventricle) adjacent to the aortic ring, the leucocytic response is quite 
intense, and scattered areas of old fibrosis are also visible here. 

Aneurysm and Adjacent Aorta (Sections £, 2’, and 2"'). The aorta as seen in 
Section 2 represents a variable picture as the aneurysmal pouch is approached, 
ranging from cloudy swelling, vacuolization, fatty changes, and nuclear degenera- 
tion to complete loss of nuclei and muscle striations. The intiraa, subintima, and 
adventitia are involved by a diffuse suppurative process, mostly polymorphonuclear 
in a nature, but also including some lymphocytes and plasma cells. The vasa 
vasorum have undergone thickening, but there is no perivascular cellular infiltration 
to suggest sjqjhilis. Innumerable thin-walled vessels are present in the thin layer 



Fig. 3. — I^w power photomicrograph of section 2’ through floor of the aneurysm. 

of tissue which may liave been the adventitia and which forms most of the floor 
of the aneurysm in this section. The pouch of the aneurysm is filled with loose 
vegetative thrombotic material, including polymorphonuclear leucocytes, lymphocytes, 
fibrinous debris a distinct suppurative lesion. A bacterial stain reveals scattered 
diplococci in tliis area. 

In Section 2 (Pig. 3) the underlying -wall of the aorta has disappeared and 
the suppuration extends to and even infiltrates the wall of the superior vena cava, 
producing a panphlebitis including endophlebitis. The latter presents itself as a 
small vegetative nodule raised above the endothelial surface and made up mainly 
of leucocytes and occasional plasma cells. Considerable hemorrhage into the 
^uppurative area and engorgement of the thin-walled blood vessels in the poorly 
organized fibrous tissue is readily visible. The limiting border of one of the large 
loculations is seen to consist of fibrous tissue in part hyalinized, while adherent to 
the inner surface of the smaller sac is a wide thrombus composed of ddbris and 
bacteria. This area stained with 'iVeigert elastic stain shows destruction and inter- 
ruption with thinning of the elastic layer of that part of the wall of the superior 
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vena cava adjacent to the floor of the anenrysni. Ko elastic fibers arc seen in 
either the septum or wall of the loculation. 

A. small part of the right branch of the pulmonary artery is visible in Section 
5 ^ . immediately adjacent to the thin adventitia of the aorta which appears, still 
forming the floor of the aneurj’sm and the smaller pouches. Beyond this point 
under the overhanging- margin of the torn edge of the aorta, the suppurative proce.^s 
is again seen, consisting mainly of leucocytes, erythrocytes, fibrinous debris ami 
bacteria. (Using the Brown and Brenn stain a few gram-negative intracellular 
cocci are seen scattered about in this suppurative process.) The torn and ulcerated 
margin of the aorta is inverted in a suppurative vegetative tlirombus beyond which 
an intense inflammatory lesion involves the intima and subintima of the aorta, 
diminishing in intensity distally. At the point of rupture the media shows marked 
degeneration with nuclear destruction, swelling and necrosis of the fibers and intense 
infiltration by leucocytes. A few strands of broken clastic fibers remain scattered 
throughout and near the mesial portion of the aorta the adventitia is markedly 
thickened. 


“In another’ section through tlic floor of tlic aneur^snl (Section S) a loculation 
is completely visible, the structure of which is similar to the one just described, the 
wall consisting of old irregularly distributed connective ti.ssue which has undergone 
hyalinization at some points. No elastic fibers are found in the wall on using 
Weigert’s elastic stain. 

“Sections of the aorta {4, 5, 7, and 7,) 2 to 4 cm. distant from the aiioury.«ni in 
various directions show variable degrees of atlierosclerotic changes in tlie intima and 
subintima, with here and there mild intiiiial celluhir rc.sponse. The media presont.s 
cloudy swelling with necrotic nuclei, swollen muscle fibers (many of wliich have 
lost their striations), and edema. Some fatty metamorpliosi.s of the muscle fibers 
of the media is shown with .Sudan III stain. In some areas there i.s .slight focal 
cell inflltration of the media consisting of lymphocytes and plasma colls. The 
Weigert elastic stain shows broken, swollen and granular appearing elastic fibers iii 
tliese sections. The adventitia here i.s essentially normal. 

“Other Utrncturcs . — The mitral valve shows slight sclerosis and on the auricular 
surface a mild superficial endocardial lesion extends from the niidportion to the 
tip made up of a mixture of lympliocytes, fibroblasts, and eiulothclitil edts. Xo 
vegetative or tlirombotic formation or fibrinoid change is noted, nor are any bacteria 
seen in thi.s area. Tlio pulmonic and tricuspid valves arc normal in .structure. The 
pericardium is essentially normal. Tlie Ic/t auricle shows slight sclerosis of the 
endocardium in some areas, and some cloudy swelling and fnigmeatatinn of the 
muscle. Some sections of the left ventricle .show degenerative changes in the imisclo 
fibers with swelling and loss of nuclei and striations. Similar cliangcs are visible 
in the papillary muscles. In other sections the left ventricle shovs only irrelevant 
findings, and the same is true of sections of the right auricle and right ventricle. 
Tlie left coronary artery shows a .slightly iiTogular intimal thickening l.y sclerosis 
and a mild local mononuclear rcspon.se at one site. Its media and adventitia nre 
normal. The right coromiiy artery appear? normal. “ 


AK atom IGOPATIlOLOGtCA D 1)1 AGN05IS 

Arnltiloeiilar niicury.sm of the usconding aorta with tmuto vegct.-uive (gonocti'-rus) 
aortiti.s Acute supimrative aortitis. Parenchymatous degeneration of tlie aorta. 
Aitonrrsni of the sinus of Valsalva. Bicuspid aortic valve (ccmgenital) with r=e.':t«' 
ve"eta*tivc (gonococcus) endocarditi.'. Sclerosis and nodular cali-Itlcaticn of the 
aortic valve with stenosis. Double coron&ry ostium (m-ngenitra) of right cororsary 
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urterv. Hypertrophy (conceutrie^ of the left ventricle. A.cute focal suppurate e 
myocarditis. Focal fibrosis and parenchymatous degeneration of the myocardium. 
Sclerosis of the mitral valve n-ith early superficial endocarditis. Pleural adhesions. 
Noninflammatory edema of the lungs. Infarction of spleen. Glomerulonephritis. 
Clironic passive congestion of liver. 


COilAIENT 


Tlie congenital origin of the bicuspid aortic valve is indicated by the 
finding of only two cusps, without a raphe, although serial sections 
through the valve were not made to establish further the congenital 
origin of the anomaly. The sclerosis and calcification of this valve 
may have come from attrition, for the tendency of malformed con- 
genital segments to undergo insidious sclerosis, thickening, and calci- 
fication has been emphasized by Abbott.- On the other hand, the 
sclerotic changes in the valve may have resulted from a previous 
inflammation, possibh^ bacterial, which involved the valve. 

The age of the changes noted in the aorta on microscopic examina- 
tion indicates that an aneurysm existed for some time prior to the 
recent and terminal invasion by the gonococcus, hut the actual origin 
of the aneurysm cannot he stated with certainty. Dr. de la Chappelle® 
held the opinion, in mew of his microscopic findings, that the aneurysm, 
at least the multilocular formation, was postinflammatory in origin, 
and pointed out that the absence of elastic fibers in the septums of the 
loeulations also speaks against a congenital origin. It is conceivable, 
even if not likely, tliat this individual may have had an infection 
involving the aorta (as weU as the aortic valve as noted above) at 
some time in his life, producing these changes, although there was no 
such significant previous illness related by the patient. 

Abbott^ has pointed out that a bicuspid aortic valve is frequently 
associated with a congenital thinning of the aortic wall, predi.sposing 
to the formation of an aneurysm. This author"" after examining our 
specimen and sections felt that the main aneurysm Avas primarily 
due to a congenital thinning of the right posterior Avail of the aorta, 
the saccular aneurysmal bulging follovung, the loculi possibly de- 
veloping as secondary sacculations. HoAveA'er, the absence of elastic 
tissue in the AA-alls of the loculi Avas conceded undoubtedl3’' to favor a 
A'erj' earlj' inflammatorj' origin as far as the secondary sacculations were 
concerned. 

That the present inA'oh'ement of tlje aneurj^smal pouch and aorta, in 
general, was by direct inA’asion ratlier than through the vasa vasorum 
is suggested bj* the marked inflammatory clianges localized in the intima 
and the subintiraa, wliieh areas are supplied bj’" the circulating blood, 
not bj the A'asa Amsorum.'® The parenchAunatous degeneratiA'e changes in 
the media Avere probablj' of toxic origin secondaiy to the gonococcus, as 
Avere tlie changes in the m\'ocardium. 


sinu^e? belUnd belwcon Uie right and left anterior 

make further studv technical facilitie.s did not permit us to 
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Kote: Our tlianlcs are tearlcrcd ])r. Clarence E. <le l;i Chapcllc for (uk in 

making a detailed study of tlic specimen and sections and to Dr. Maud E. Abbott for 
her helpful suggestions. 
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A CASE OF PULMONARY E3»IBOLISM SBIULATING 
CORONARY THROMBOSIS IN A YOUNG MAN 
AGED THIRTY-THREE YEARS* 

J. Beach Hazard, M.D., and Robert Steretng Paeaier, M.D. 

Boston, Mass. 

• REPORT OF CASE 

A WHITE, native American business man, tliirty-tiiree years okl, complained of 
gradual onset of dyspnea on exertion wliich was first noted three weeks pre- 
nously wliile mowing his ]a^^•n. There was slight cough, without hemopU-sis, noted es- 
pecially when lying flat. Tlie dyspnea was not paroxysmal, and there was no wheez- 
ing. He had passed a life insurance examination six months previously. His blood 
pressure was said to have been low one year before. There was no pain, no heart 
consciousness, no palpitation. 

Careful review of the bodily systems revealed nothing. 

His hygienic habits were not remarkable. He had exercised less in the past year 
but had kept his weight down by dietary restriction. His diet was unusual in that 
he was very fond of eggs. His business had occasioned nervous strain. His sleep 
liad been somewhat restless for two months. 

One year before, the patient had suffered an attack of herpes zoster followed by 
a small abscess of the abdominal wall under the left costal margin which healed un- 
eventfully. Otherwise the past history was negative. 

The family history was negative except that a brother liad diabetes. 

Physical examination showed a slightly obese young man, quite dyspneic and 
couglving slightly on the slightest exertion. The left border of the heart was 8 cm. 
to the left of tlie midsternal line; the midclavicular line was 7.5 cm. The rate was 
100, the rhythm regular. A questionable gallop rhythm was noted. The blood 
pressure was 110 systolic and 95 diastolic. The chest was clear and resonant. Ex- 
pansion of the right costal margin appeared slightly less than the left. Examination 
of the abdomen and extremities was negative. 

The hemoglobin was 100 (Talqvist), 128 and 109 (Sahli), the red blood cells num- 
bered 0.2 and 5.4 million per cubic millimeter, the wliite blood cells 17,000 per cubic 
millimeter. 

The electrocardiogram showed sinus tachycardia, rate 120, late inversion of T, and 
T„ a small Q, and an upright T, (Fig. lA). 

A six-foot film of the heart showed prominence in the region of the left ventricle, 
but the measurements were ndthin normal limits. There was some density of the 
hilus shadows thought to be due to enlarged pulmonary vessels. There was a small 
patch of hazy density in the right midchest just outside the hilus region consistent 
with consolidation or a small amount of interlobar fluid. 

Tlie sputum was negative. There ■was a negative Neufeld reaction to pneumo- 
coccus Types I, n, and HI. 

Summary, A young male adult came to the office complaining of progressive 
djspnea of three weeks’ duration, was obviously short of breath, showed a rapid 
slightly large heart with a suggestive gallop rhythm, a slightly diminished expansion 
of the right chest. Examination of the blood revealed a leucocytosis and a slight pol}’- 
cythcmia . The electrocardiogram was thought consistent with coronary occlusion and 
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was considered comparable to that of pulmonary embolism. The absence of anv 
apparent origin for tbe latter and tlio gradual onset seemed against such .a diag- 
nosis, wliile the age of the patient and tlie absence of pain weighed against the former 
diagnosis. Also considered were primary pulmonary arteriosclerosis and pnhnonary 
neoplasm. On the whole, coronary sclerosis with question of occlusion wa,s thougiit 
most likely. 

The patient was hospitalized. He gradually grew worse, ran a low fever fo lOfP 
F., became slightly cyanotic, complained of pain in the right lower chest and upper 
abdomen radiating into the right shoukler and scapular region, A pleiind friction 
rub was lieard in the right lower chest between the axillary lines. The electro- 
cardiogram on the seventh day in the hospil.al (Fig. 17>) .■showed a slight depression 


A. 


B. 


G. 



Pig. 1. — Successive 


eloctrocardiOKi-nins. .1. v.iien tlrst ; /?, on tin- .ccvcntii 

day: G, on the eleventh hospiml day. 


ho'UdtJii 


of S-T and uolublv diflVrent from the first fracing, absent Q., a Deep S,. 
iiiul invcHod T. (The putieut bad received digitalis 0.1 gm. (gr. IVj) three 
times daily for'.si.v- dav.s. His weight was ISO pounds.) The electrocardiogram 
on the 'eleventh dav in the hospital (Fig. IF) showed no change except in- 
verted T and dopre.-^sod A loud systolic murmur was lieard localircd 

in the pulmonic, area. There was .n loud superficial sounding. scratHiy to-and-fro 
murmur similar to a pericardial friction, heard in the thin! and fourth inieri-pam- 
inside the midclavieulnr line. Saigm^ of t^Tiothor infatd were found on the left. The 
patient grew progressively wor.se and died on the nineteenth day in the hospital. 

^ A diagnosis of multiple pulmonary emboli ur.s made, which emboli wcr.* Si- 
to derive from a mural thrombus in the right heart, the roMsU of a ennmary r. 
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elusion. No other origin for a pulmonary emljolus could be found; no immediate or 
remote sjunptoms or sign gave the slightest clue. 

Fost-Mortem Examination (.T. B. H.).— The body was that of a well-developed and 
well- nourished white male. Examination was made three houis post mortem. On 
opening the •pleural cavities, each was found to contain amber fluid and shreds of 
fibrin. Bartlj- organized fibrinous adhesions were present between the right lower 
lobe and the diaphragm and thick layers of fibrin covered the left lower lobe and a 
portion of the left upper lobe. About 500 c.c. of fluid was present in tlie right pleural 
cavity and 1,000 c.c. in the left. Both lungs were markedly increased in weight, the 
right weighing 820 gm., the left 600 gm. Firm, airless, brown and purplish broivn 
areas (1.5 to 4 cm. in diameter) were present in the lower portion of the left upper 
lobe, tlie left lower lobe and the right lower lobe. Intervening tissue was crepitant 
and yellmvish gray, except in the left lower lobe where it was atelectatic. Both 
branches of the pulmonary artery were occluded by dull-surfaced, firm, brownish and 
purplish red blood clot. That filling the right branch was more extensively and firmly 
adherent to the vessel wall than the clot in the left. Eamifications extended into 
smaller pulmonary’’ vessels but were blunt and short in the upper lobes, whereas in 
the lower portions of the lungs they could be traced to the firm brownish pui-ple areas 
at the periphery. Tliese distal clots were only weakly attached to the ve.«sel walls 
and could be extruded by slight pressure. The main pulmonary artery contained 
only fluid blood. Microscopical examination of the large branches of this vessel 
showed partial organization of the contained clot. This was more extensive in the 
right. The vessel walls were well preserved and, except for a few lymphocytes in 
the adventitia, were negative. The firm, rubbery areas in the lungs .showed an infarct 
type of necrosis, witli extensive hemorrhage and an infiltration of polymorphonuclear 
neutrophilcs at the periphery. A large artery containing a blood clot showing slight 
early organization was present in an occasional section. Capillaries in alveolar walls 
were distended with blood. Some alveoli were dilated and many contained mac- 
rophages with included hemosiderin. Occasionally fibrin and partlj' organized fibrin 
were found. The alveoli in the left lower lobe were partially collapsed. The heart 
weighed 320 gni. and was of average size. The muscle was firm, brownish red and 
both grossly and microscopically negative. The myocardium of the right ventricle 
was markedly thickened (0.5 to 0.9 cm.) but that of the left ventricle was only 
slightly hypertrophied (1.5 cm.). The endocardium and all valves were negative. 
The coronary arteries presented a few patches of yellow intimal thickening but 
were widely patent. The spleen pre.sented a slight hemosiderosis. The liver was in- 
creased in weight to 3,920 gm. and showed accentuated red, centml markings. Gas- 
trointestinal tract, pancreas, Icidneys, and adrenals were negative. The left common 
iliac vein contained a propagated thrombus 5 by 2 by 1.5 cm., unattached to the vessel 
wall. This was in continuity with a clot filling the hypogastric vein. Veins of the 
prostatic and vesicle plexus, on the left, were filled with brown blood clot. This could 
be pressed from some vessels but in most was firmly adherent to the wall. Micro- 
scopic examination revealed varying degrees of organization, and one vessel contained 
organized, calcified thrombus. Vein walls were negative. Vessels on the right, cor- 
responding to the above, contained fluid blood and a small amount of soft post- 
mortem clot. ^ The left seminal vesicle presented a thick wall and contained clear, 
%iseid fluid. The lumen was dilated and the lining surface smooth. Microscopically 
the wall was formed of dense hyaline connective tissue and contained patches of 
calcification. The epitlielium was flat, and normal mucosal foldings were absent. 
Pink-staimng masses of coagulated albumin filled the lumen. The other seminal 
vesicle was negative. Prostate, testes, and bladder were negative. 

Dtagnosts.—Emholic and secondary thrombotic occlusion of the main brandies of 
1 10 pulmonarj arferj ; thrombosis of the veins of the left prostatic and vesicle plexus 
with propagated thrombus in the hj-pogastric and common iliac veins; old vesiculitis 
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(left); infarcts of lungs; myocardial liyi>erlrophy (riglit ventricle); fibrinous 
pleuritis; liydrothorax; atelectasis (left lower lobe); hemosiderosis of spleen: mnite 
passive congestion of the liver. 


COJniENT 


Pulmonaiy embolism is readily recognized postoperatively or fob 
lowing phlebitis by sudden onset, dyspnea, witli or withont pain, cough 
or hemoptysis, usually witli circulatory collapse. The diagnosis may 
be considered in any female wlio lias borne cliildren or lias bad pelyic 
inflammation, because of the possibility of recent or old pelvic jhilebilis. 
But in a previously healthy young man complaining of gradually pro- 
gressive dyspnea and cough of three weeks’ dural iou aud with no 
history suggesting genitourinary or other disease likely to cause 
phlebitis, we submit that an imusnal myocardial disease of coronary 
origin, primary pulmonary sclerosis, or even pulmonary neoplasm is 
more likely. That this reasoning was totally wrong in this case lias 
led ns to make this report. 

One feature of the flrst electrocardiogram, namely, niiright Tk with 
persistence of the Q-wave, led one of ns (R. S. P.) to suspect pulmonary 
embolism, only to rule it out on tlie above raciitioiied erroneous reason- 
ing. This change not characteristic of coronary disease was present 
in two cases of pulmonary embolism reported by McGinn and Wliitc.^ 
Of the other electrocardiographic signs mentioned by them, namely, 
prominent Si, and low origin of Ti, gradual ‘^staircase ascent” of S-T«. 
and especially stressed by them, Qn and late inversion of Ts, only 
the late inversion of T.t was present. Siibsecjncnt electrocardiograms 
in the present case showed alterations in the T- waves possibly due to 
digitalis, The absence of with a deep S, and inversion of may 
have been due to faulty application of the electrodes by the nurse oi- 
teelmician while the patient was in the bosiiital, a common cause of 
nnnsiial features in Lead IV. In the first tracing the electrodes were 
accurately placed by one of us (R. S. P.). 


SUHIMARY 


\n iiiinsual case of pulmonary embolism from unrecognized and 
symptomatic, pelvic phlebitis in a previously healthy male of thirty. 

hree years is reported. _ . , 

Accurate electrocardiographic cxamuiatiou with especial rctorence 

0 Lead IV may he of groat importance. 

REl'EREXeE 

. McGhin, S., Whin-, p I’.: r',™'", gl 
EmhoVmn, -T. A. M. A. lO-i. 


Department of Reviews and Abstracts 


Selected Abstracts 


Gupta, J. 0.: The Keflex Adjustment of the Circulation and the State of Eespira- 
tion after Decerehration. Ztsclir. f. KreisIaulTorsch. 28: 492, 193G. 

The heart is slower and the mean blood pressure is lower in decerebrate cats 
and dogs than in narcotized ones. This difference is due to a greater tonic reflex 
action of tlie pressor receptor nerves in the former as shown by a lack of difference 
after resecting tliese afferent nerves. 

L. N. K. 


Bazett, H. C., Scott, J. C., Maxfield, M. E., and Blithe, M. D,: Calculation in 

Cardiac Output From Blood Pressure Measurements Before and After Meals. 

Am. .J. Physiol. 116: 551, 1936. 

Cardiac outputs can be calculated from the changes in blood pressure and pulse 
wave velocity following a meal with an accuracy of the same order as that obtained 
under basal conditions. 

Changes in cardiac output after a meal cannot be represented by a simple plateau 
curve. 

The changes in blood pressure and pulse rate are similar to those described by 
others. The calculated effective peripheral resistance is lowered. Diastolic pressure 
changes are not a measure of those in effective peripheral resistance. Peripheral 
dilatation is always associated with a decrease in disten.sibility of the larger central 
^essels, as indicated by pulse wave velocities. A constriction of the large vessels is 

suggested as a possible cause, and presumably these vessels act as an adjustable 
ie.servoir. 

A method of recording sternal movements is described and is utilized for the 
iming of the .start of cardiac ejection. The relationship of such curves to elec- 
trocardiograms is discussed. 

The time relations of the electrical and raeelianieal changes so measured before 
and after meals are described. 

ouree of error in the preservation of acetylene samples over mercury is 




1 ens, William S., and Wilensky, Nathan D.: New Skin Thermometer for Diag- 
nosis of Peripheral Vascular Disease. Am. J. Surg. 33: 1.57, 1936. 

to the ordinoey clinicol 

of this Jti/,h?,he'lZ!'„,fl?L"!“' ™ 

F. Tlie 


nf tliic ' *= — BRiii Lumijeraiure, were taken 

Of this with the thermocouple as control. The greatest deviation was 1.0“ 

require for contact of the thermometer witli the skin was not given. 


H. M. 
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Battro, A., and Lanari, A.: Intra-Arterial Inection of Acetjdcliolin, Rev. nraent. 

de Cardiol. 3: 31, 3936, 

Intia-arteiial injection of acolylcholiu (0,0-1 gram) is iiij cxccllctU, simple and 
harmless test to investigate in diseases of the peripheral arterial system in order 
to determine (a) organic frmn functional disturbances, (b) tljo site of the oeolusion 
in cases of organic lesions, and (c) the conditions for collateral eirculrition. This 
information is gained through the study of pain, rnbesccnce, and oseillugraphic 
variations caused by the drug. 

In functional disturbances the clianges produced do not diticr from those o!)P‘‘rved 
in normal individuals. In organic lesions, when the imtin artery is occluded, the 
oscillographic index remains unchanged below the site of occUisioii. and tlic ooii’ 
ditions for collateral circulation arc gauged by the rapidity of appearinwe, degree, 
and distribution of the rubescence. 

Avriunu 


Cushing, E. H.: Chronic Constrictive Pericarditis, Electrocardiographic and Clin- 
ical Studies. Am. J. M. Sc. 192: 327, 1036. 

Eleven patients with adhesive luediastinopericarditis, upon whom jicricnrclectomy 
was performed, all had electrocardiograms witii QKS complp.xes of low amplitude. 
The T- waves were low in voltage. Following pericardectomy the QHS voltage in- 
creased in four of seven cases. 

Aurnoti. 


Levine, Harold D., and Levine, Samuel A.: An Electrocardiographic Study of Lead 

IV With Special Eeference to the Findings in Angina Pectoris. Am. J. AI. Sc. 

191; 98, 393G. 

Electrocardiographic study was made of forty-four patients who were .siloefpjejjtly 
examined post mortem. The customary throe leads were taken and, jji addition, 
fourth leads witJi the anterior electrode at tlie fourth left sternal border and ti! the 
apex and with the indilTeront electrode on the left leg. 

In twelve instances in which (he Q-wave was tibsent in Load IV, either a!, the 
left sternal border or at the apex, infarction of the ventricle was fottnd. Two cases 
with bundle-branch block and one of tubcrcnlons periemraitis with nl.tsent Q, slmwel 
no infarction. 

There were fifteen patients with small Q, (2 mm. or less), about Imlf of wlmni 
had infarction and the other half did not. 

Upright T-waves in Load IV were found when no infarction wa-s present, and, 
in fact, wliere tlutrc w.ns iuj significant hc.arf <li.®<-.ase. 

In eleven eases in which the he.nrt was normal and 
tion. Lead IV' was normal. 

Evidence is presented to show that Jiiyocardial inf 


three loads were e.«scntinlly normal. 

Apart from the changes in l.ead IV which oC''nr dvii 
coronary thrombosis, wo. l^elicvc that the absence of Q, 
ddagnosis of -'i ]>rcviou.‘; myocardial iiifarctiou. except vda 

jnesont . 

Lo.ad 3V is indispensable in the proper diagnosis o; 
muscle disease. 
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Levine, Harold H.: The Effect of Various Altered Cardiac Mechanisms on Lead 

rv. M, Papers, Christian Birthday Volume, p. 87, 1936. 

Abnormalities generally indicating myocardial infarction may occur in Lead IV 
in bundle-branch block without infarction. 

Auricular fibrillation and flutter per sc produce no changes in the QKS-waves 
of Lead IV. 

T-waves are so frequently upright in rheumatic and thyrotoxic heart disease with 
or without auricular fibrillation that the inference whether or not infarction of the 
heart is present cannot be draivn from these changes. 

The absence of the Q-wave is just as valuable in the diagnosis of myocardial 
infarction in the presence of auricular fibrillation as with normal sinus rhythm. 

In exceptional instances the absence of a Q-wave in Lead IV may be associated 
with posterior infarction. 

Author. 

Graybiel, Ashton, and White, Paul D.: Complete Auriculo-Ventricular Dissociation. 

A Clinical Study of Seventy-Two Cases With a Note on a Curious Form of 

Auricular Arrhythmia Frequently Observed. Am. J. hi. Sc. 192; 334, 1936. 

Seventy-two cases of complete A-V dissociation are briefly analyzed. Coronary 
heart disease was associated in 47 of the patients, congenital heart disease in 4, 
possible congenital heart disease in 2, rheumatic heart disease in 3, cardiovascular 
syphilis in 3, and possible chronic diphtheritic heart disease in 4, while the remaining 
9 cases wore of mixed or entirely uncertain etiology. Two-thirds of the cases (48) 
wore male and one-third (24) were female; it was particularly in the coronary 
disease and syphilitic groups that the males predominated (36 to 11 in the former 
and 3 to 0 in the latter). 

The heart disease responsible for the block in these cases affects the clinical 
course, treatment and prognosis far more than does the block itself. 

Attacks of dizziness, syncope, or convulsions, symptoms related to the block it- 
self, were present in 44 of the 72 cases; in 4 instances they were the probable cause 
of death. Adrenalin and ephedrine were the only drugs found valuable in the 
treatment of these attacks. 

The prognosis of those patients in this series with coronary heart disease was 
generally very poor, although there were striking exceptions; for those with con- 
genital or old diphtheritic heart disease it was good, while for those with luetic 
or rheumatic disease it was fair. 

A form of auricular arrhythmia frequently observed in these cases is discussed. 

Author. 

Campbell, Maurice, and Gordon, F. W.: The Quinidine Treatment of Auricular 

FibriUation. Quart. J. Med. 5: 205, 1936. 

The after-iesults of treatment with quinidine have been followed in two series 
of patients, one first treated in 1923-28, and the other in 1929-34; almost all have 
been folloued up to December, 1934, or until fibrillation recurred. Quinidine re- 
stored normal rhythm in 64 per cent of 135 cases. In 34 per cent it is still main- 
tained after an average period of nearly four years. In 30 per cent it was re- 
stored, but fibrillation recurred after an average period of two years. In 36 per 
cent quimdine failed to restore normal rhythm, or did so for .such a short time that 
it was of no practical importance. 

Of the earlier senes 25 per cent after nine years, and of the later series 39 
per cent after two years still maintain normal rhythm. Quinidine is, therefore. 
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an effective and often a lasting treatment for auricular iii)rj!latioji; its 
depends on the careful selection of suitable patients. Tlie duration of libriliatiori 
before , treatment, the size of the heart, and the etiology ore all iniportont in cstt* 
mating the chance of restoring normal rhythm and, even moro so, of maintaining it 
for a long jreriod. 

Nearly half the cases in rvhich jibrillation hod been present for less than is 
jnonth still maintain normal rhythm, about a quarter of tho-se in which it had been 
present between one and six months, but few of those in which it had been pre.--pnt 
for longer. When the heart was only slightly enlarged, 3S per cent, when it was 
moderately enlarged, IS per cent are satisfactory, bat when it was greatlj" enlarged 
only 5 per cent are still satisfactory. Standards for the size of the heart for differ- 
ent bod}^ weights liave been suggested to liclp in deciding if quinidine should be 
used. 


The etiology is important and is the main fjictor in dccidiiig if continuous 
after-treatment is necessary. In e!ise.s in which there is mitral stcno5i.s, the period 
of restored normal rhythm is not likely to exceed four yeans. Only Jt-t per cent 
of our cases with valvular disoa.se maintain normal rliythm, and in most of the.'-'o 
the heart is slightly, if at all, enlarged. Two very succes.sful results tvere in patients 
with a history of rheumatic fever but no evidence of mitral stenosis; they have 
maintained normal rhytlmi for over eight years without continuing to take quinidine. 
But in the others with mitral stenosis the average period i.s as yet only twenty- 
seven months, and most of them have continued to lake it. With apjircciable en- 
largement of the heart, therefore, continuous after-treatment with quinidine is 
necessary. In those who have relapsed, the average period of restored normal rhythm 
was nearly two years. 


In cases in wiiich tiijrillation is present witiiout mitral stenosis or goiter, the 
selection of cases jnay be made more leniently, and under favorable circumstances 
the rhythm may remain normal for ten ycar.s or longer. In ?.0 per cent it is still 
maintained after an average of five yeaf.«. In the fifteen wlio could bo classified 
as having no signs of lieart (lisea.se c.vccpt the nrrhythmin, it is stiil mainf .'lined in 
70 per cent after tlie same period. After-treatment is not generally needed for 
more than tlircc months, but, if rclaj).-=e occurs on omitting quinidine, a .second rour.'^e 
should be given, and, if succo.^sful, quinidine sJiouM be continued for longer. In 
those who have relapsed, flic average period of re.storcd rhythm wa.s over (wo years. 
When fibrillation is due to a goiter, nearly all case.s sliouM bo treated, as, when 


necessary, an operation will change an unsuilabh? case into one suitable for (piinidim*. 
The duration of fibrillation and even the. size of the heart are mucli ie.^s impor- 
tant in this group. A lasting .success .should generally be aehieved, and normal 
rhythm is still maintained in SO per cent after an arerago of b-rty month.s. In 
throe patients it has been maintained for nine years and in three oth-ns for four 
vears. With partial thyroidectomy continuous tiftor-lroatmcnt with, quinidine 5.« 
iioi called for. If the patient i.s treated without operation, the continuous adnuni.«. 
tration of qttinidine may be, but is not always, needed. 

Thorough digitalization is important hoime starting trimtment ly quinidim. 
Any infection, even a trivial one, may prevent sricv'ss. Ewept f«.r the possibility 
of cmboli.sm, which i.« not a grave risk, scrimi.s mmiplications jiie rare. 

Quinidine has an important place in (he treatment of auricular fibribation-- 
provided the cases are carefully selected. Tim ordinary patient seen it: im.pita! is 
quite unsuitable,-, the risk is too great: and, if iilirillntton is arresud. jt luacrr.lh 
returns too soon. Satisfactory results are ohtniumt by paying atfentmn ta tar.- 


criteria: the absence, of congestive failure, of rt gre-itly enbrged 


i.nrf. r.-r »i 


a long history of fibrillation. 
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The case is eminently suitable for treatment with quinidine and should certainly 
be given this opportunity of regaining normal rhythm if there have been no signs 
of failure, and if the heart is only slightly enlarged (less than 13 cm. maximum 
transverse diameter in a patient of about 10 stones), and if fibrillation has been 
established less than one month. 

The case is not suitable if there has been gross congestive failure or if any signs 
of failure persist after treatment n-ith rest and digitalis, or if the heart is greatly 
enlarged (more than 14 cm. maximum transverse diameter in a patient of about 10 
stones), or if fibrillation has been established for six months. The presence of any 
one’ of these three usually means that treatment with digitalis should be preferred. 
In intermediate cases the decision will be made according to how nearly they fall 
into one or other of these groups. 

In cases with mitral stenosis these conditions must be strictly observed. Less 
attention need be paid to them if fibrillation is due to a goiter, as, if necessary, 
partial thyroidectomy will convert an unfavorable case into one favorable for 
quinidine. 

Author. 

Gelman, I., and Pusik, W.: The Pathological and Electrocardiographic Character- 
istics of the Heart in Senility. Ztschr. f. Kreislaufforsch. 28: 570, 1936. 

Two case reports from Moscow are presented of individuals 112 and 122 years 
of age! The first had hypertension, cardiac hypertrophy, a four-plus Kahn test, 
senile dementia, emphysema, and a normal electrocardiogram. He worked on the 
land until the age of 103 without serious illness and then became an invalid. The 
second patient worked on the soil until the age of 118. He had had an amputa- 
tion of the penis for carcinoma, at the age of 100 without ill effects and had a 
long-lasting pyelonephritis at autopsy. An hypertrophied left ventricle was found, 
and slight coronary sclerosis and emphysema. 

L. N. K. 

Milew, A.; An Atypical Case of Myocardial Infarct. Ztschr. f. Kreislaufforsch. 

28; 609, 1930. 

A case of myocardial infarct with paroxysmal tachycardia and bundle-branch 
block is presented. Tlie patient had no pain. 

L. N. K. 

Sike, H.: Eosinophilic Myocarditis as an Idiosyncratic- Allergic Disease. Frank- 
furt. Ztschr. f. Path. 94: 283, 1936. 

After a fair review of tlie heterogeneity of the pathological picture of myocar- 
ditis of uncertain origin (the group which in this country has usually been spoken 
of as “idiopathic myocarditis’’), the author points out that an eosinophilic in- 
filtration has been described a number of times in cases other than those due to 
diphtheria or trichiniasis. He then describes two patients, both of whom had 
syphilis, who were treated with moderate amounts of antisyphilitic arsenieals, devel- 
oped severe arsenic dermatitis, and died within a few weeks in the presence of rather 
abrupt heart failure, dyspnea, pulmonary congestion, cyanosis, low temperature, 
and faint heart sounds. Neither had cardiovascular syphilis. At autopsy there 
was found myocarditis characterized chiefly by infiltration of eosinophilic leucocytes, 
the presence of multinucleated giant cells, broken muscle fibers, and focal necroses. 
(It should be recalled that eosinophilia is not uncommon in arsenic dermatitis.) 
After lengthy discussion he suggests that the myocarditis found in these two cases 
(and in three others in the literature) is the result of an allergic reaction or of 
an idiosyncrasy of the patients to arsenic. 


J. M. S. 
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Moser, A.: Congenital Absence of the Tricuspid Orifice, Ztschr. f. Krciriaufibr-rh 
28: 521, 1936. ' ‘ 

Three cases are reported in which the absence of the tricuspid orifice wa? asso- 
ciated with a fusion of the two auricles and a defect of the ventricular septum 
(Wieland's disease). In addition, there was a hypertrophied left, and an atrophied 
right ventricle. The literature is reviewed. 

L. Js. K. 

Gross, Louis, and Pried, B. M.: Lesions in the Auriculo-Ventricular Conduction 
System Occurring in Eheumatic Pever. Aio. J. Path. 12; 3J, 1930. 

One hundred ten human Iiearts have been examined in order to determine tiie 
nature and frequency of the lesions occurring in tJie Tawara node and bundle of 
Ilis in rheumatic fever. Sixty of these cases rejjresent active riieuniatic fever; 25 
cases, inactive rheumatic fever; and 25 cases, nonrhenmatic conditions. It lias been 
siiown that in active rheumatic fever there ovciirs a variety of inflammatory mi<1 
vascular phenomena within the horizontal conduction system ns well a? in the sur- 
rounding tissue. Even when studied in few representative specimens from earh 
bundle, the incidence of these lesions was appro.ximatfdy C(J per cent in the active 
material. It is probable that a study of more sections would hax’c indicated a 
liigher incidence. Very few of those lesions are of a specific or highly charaetcnslic 
nature. The inactive riteumatie cases showed few pathological changes. This is in 
keeping with the functional ditforcnces observed as between these two groups. At- 
tention has been called to the high incidence of inflammafor}- lesions in the col- 
lagenous extension of the septum fibrosum and a discussion of the possible 
mechanisms concerned with the spread of the rheumatic infection to the bundle 
tissue is given. A description of the topographical relations of the horizontal con- 
duction system in the human heart, together with the findings in twenty-five non- 
rheumatic control cases, is also given. 

AuTJioi;. 


Priedberg, Charles K., and Gross, Louis: Pericardial Le,sjon.s in Ehciunatic Pever. 

Am. J. Path. 12: 1S3, 1936. 

Gross and microscopic pericardial Ic.sions arc (le.=cribed in .=!ixty-oiglit cases of 
active and nineteen cases of inactive rheumatic ho.'irt dlse.'ise. These cases were 
divided into five clinical groups depending on tiic eoiirsc of the disease. The lesions 
as a whole fell into tiirec characteristic ))istologie;d i)at{erns which could be cor- 
related with the clinical c:our.<?e. The earliest lesions (first pnfleni) found in 
patients who succumbed to a first :ittaok of rheumatic fever consisted prim.nrily of 
swelling and degeneration of the collagen in tlie lamina propria, inflatnmntion and 
vascularization of that layer and subjacent adipose layer, prolifer.ntion, desquama- 
tion and psoudoglaiul formation of the epithelial layer, exiidatifm of fibrin, and 
Aschoff body formation. In the case? with recurrent attack? (second ]>nilerii) there 
were marked thic-kening of the monibranes, universal adhesions and u lendejjcv t,> 
obliteration of the pericardial cavity, organization of the infinmtntitory exudute, 
and formation of layers, lu the chronic slowly progressive and healed 
(tiiird pattern), there were mild Icsioms characterized by tlm jnfiltrfition of round 
cells into the deeper portions of the lamiim propria and adjaemtt fsn.-.vs -and by is:- 
creased vascularization and stnjctural alteration? of blood ve.'=eb. SttatisTicnl dntn 
from this stuviy indicate the almost inwirinblc presence of {•-r-rjeardird rnllnrmnnt'r.n 
in rUcumntic bcart disease. A description b also gheis of the .np- pcrb- l thrirces 
in the hisfology of the normal peric:\rdiuto. 
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Gross, Louis, and Friedberg, Charles K,: Lesions of the Cardiac Valve Rings in 
Rheumatic Fever. Am. J. Path. 12; 469, 1936. 

The autliors studied tlie valve rings of 40 nonrheumatic control hearts and 97 
rheumatic hearts. The latter were segregated into six clinical groups according 
to the presence or absence of Aschoff bodies and the occurrence of one or more 
attacks of acute rheumatic fever. Tlie valve ring is defined in detail but rouglily 
refers to the most pro.ximal portion of tlie valve cusp excluding auricular myocardium. 
Tiic normal rings rarely showed capillaries and never inflammatory cells. The 
rheumatic rings grossly showed a widening and irregularity in place- of the usual 
fine sharp line of attachment. Microscopically, there were extensive inflammatory 
lesions which usually involved all of the valve rings. These consisted of extensive 
infiltration of inflammatorj' cells, vascularization, edema, scarring, and, except in 
the last group, Aschoff bodies. These lesions usually involved all four rings, but 
the pulmonic ring was the most likely to be free. Pibroelastic reduplications were 
frequently present in the subaortic and subpulmonic angles, and there was frequent- 
ly inflammation of the intcrvalvular fibrosa. The valve rings are stressed as 
strategic sites because it is believed that inflammation of the valves and neighbor- 
ing sites occurs by spread from the rings. 

Author. 

Von Eaab, W.: The Central Forms of Arterial Hypertension. Ergebn. d. inn. Med. 

u. Kinderh. 46: 452, 1934. 

Separation of the blood vessels from the central nervous system shows that blood 
ves.sels have two types of tonus; therefore the vasomotor centers are not alone 
responsible for high blood pressure. Hj'pm’t^nsion occurring during hemorrhage in 
the brain or resulting from brain tumors may be partly due to some stimulation, 
partly to direct mechanical pressure on the vascular supply of the vasoconstrictor 
centers, and partly due to pressure itself on centers, or perhaps it may be caused 
by destruction of the depressor centers. In poliomyelitis with acute hypertension 
localized lesions in the medulla have been found. Similar changes seem to be 
X^resent in cases of encephalitis associated with hypertension. The xnesenee of local 
circulatory disturbances in vasomotor centers of the brain and medulla in essential 
hypertension are indicated by the following: (1) frequency of arteriosclerotic 
changes; (2) occurrence of severe chronic hj'pertension in patients with marked 
cerebral arteriosclerosis whose kidneys are not apparently diseased; (3) abnormali- 
ties in the arteries in the medulla and pons in cases of essential hypertension; (4) 
increasing lack of elasticity of the arteries in the brain; (5) increasing sclerotic 
changes in the smallest brain vessels and narrowing of the cerebral vessels in older 
people. 

The frequent occurrence of hypertension in endocrine disturbances, as suprarenal 
cortical hypertrophy, pituitary basophilism, and diabetes mellitus, as well as the 
hypertension associated with polycythemia, maj’ be based principally upon artcrio- 
■scloro.ris in the vasomotor centers and perhaps on direct hormonal stimulation of these 
centers. Several factors indicate the importance of the central nervous system in 
the pathogenesis of essential hj-pertension, such as (1) hypersensitivity of the 
vasomotor centers to changes in the concentration of carbon dioxide in the blood 
.and increasing response to carbon dioxide of the vasomotor centers in older people; 
(2) increased sensitivity of the vasomotor centers to decreased oxygen in the in- 
spired air in older persons and persons with hypertension; (3) abnormally marked 
increase in blood pressure in persons with hypertension and old persons resulting 
from psychic irritation, muscular exercise, and pain; (4) decrease of an abnormally 
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Jiigh blood pressure during sleep and anesthesia; (5) metalioHc aluiorn-ulitirs in 
essential liypertensionj such as elevated metabolism and hyporglvcemia, v.hich are 
probably produced centrally; (0) increased oxygen utilization by the i/rain in 
essential hypertension, probably due to a decreased cerebral blood tbnv; (7) de- 
crease of the blood pressure in hypertension during diathermy of the brain stem; 
(S) lowering of the blood pressure after lumbar puncture; and (f») <b.7>re.-siuc 
etfect of adrenalin in hypertension. Essential hypertension appeans to be caused 
mainly by overstimulation and hypersensitivity of the vasomotor centers. 

Factors which play roles in the development of arteriosclerosis in hypertension 
are heredity and constitution, liormonal influences, infections, and abuses of nicotine 
and alcohol. The chief factor responsible for organic cliaiiges in the vc.'^sels of tlie 
brain is the content of cholesterol and vitamin D in the' diet. These sul.istanros arc 
present in butter and milk, animal fat, and the yoke of egg. Some observation.c on 
people not living in Europe wliose diet is poor in cliolc.stcrol and vitamin I) shovr 
that they have arteriosclerosis and hypertension very rarely. Further statistical 
investigation is desirable. Some therapeutir- procedures, sucli as admini.stratirm of 
sedatives, lumbar puncture, application of diathermy to tiie brain stem, administra- 
tion of drugs which increase the circulation in the brain, and jicrhsips diet, work 
against the mechanism producing hypertension of central orig’in; liowever permanent 
effects cannot be expected. It is specially important in Iiypcrtension of central 
origin to avoid irsychic irritation. 

0. K. 


Wezler, K., and Boger, A.: The Boundaries of the Arterial Pressure Dome in Man. 
Ztschr. f. Kreislaufforsch. 28: 301, 1930. 


The pressure dome converts the intermittent flow from the heart into a constant 
flow in the capillaries, and it dcterniinc.s the form of pulse in the .arteries. The 
physical methods of measuring volume flow are based ou this concept. It is siiown 
that the effective lengtli of the pressure dome can be mo:isurcd Ijy dividing by 4 
the product of the pulse wave velocity in the aorta-iliac tube and the duration be- 
tween the peak of the primary and dicrotic waves in the femoral jndse (wiiich is 
the pulse wave length). 

In determining the pulse wave velocity (a) the length of the tube is measured 
from the root of the aorta to the point where the femoral pulse is recorded am! fb) 
the time lag of the pulse in the fcmor.al behind the subclavian is multiplied by 1.2s 


The length of tlie pressure dome depends ou the body size ami is r.dafed to the 
stroke volume. It is longer in tall persoits. It.s lower lijuit v;irics from tb.e 
iliac to the femond .artery. In Iiypcrtension it extends to the nu!~<!ular arteries. 
The length of the pressure dome also increases with ago. These d.-.baliun-' arc 

bused on an analysis of optically recorded subclavian and femoral arte rial p;tbcr.._ 

1 - ^ TC 


Allen E V Lundy, L S., and Adson, A. W,: Preoporatire Prediction of Eilccbs 
on’ Blood’ Pressure of Neurosurgical Treatment of nypertcn.sion. Stnfl 

Meet. Mayo Clin. 11= lO-lj 


It important to know before operation what the 
Kitmcl ot "ill m Ih. Itoo.l 


utu-ct tf.'c 

Cerfniu clinical ob 


>re'-’'-'v5re. 

ions are important, but irccpicntly they do not allow accurate pre-la-twm u m-r.- 
^ «iimulation. therefore, to seateh for a mote m-curnle metj.od of pre-KrCnr th- 
'ffcHd of operation on the bhmd prcs-mie. by 

niection of a sohitum of ju-ntethal s-Milum in sum-mat atrourgs to ra::5 > a mr-im:,! 
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increase in tlie temperature of the skin of the toes is a safe procedure if the drug 
is administered expertly. The blood pressure resulting from this procedure con- 
stitutes an accurate reflection of that resulting from bilateral resection of the 
splanchnic nerves and the first and second . lumbar ganglions and partial resection 
of the celiac ganglions and suprarenal glands. Freoperative prediction of the im- 
mediate effect of operation on the blood pressure can therefore be made safely and 
accurately. 

Author. 

Edwards, Edward Allen: The Orientation of Venous Valves in Eelation to Body 
Surfaces. Anat. Bee. 64: 369, 1936. 

A seemingly constant orientation of tlie valves of liuman veins of the extremities 
is described. The vein at the site of the valve is elliptical in cross-section, the 
major axis of the ellipse being parallel to the skin or its tangent. Within the vein 
at the valve site, the two cusps rise from the long curves of the ellipse so that 
the aperture between their free margins is also parallel to the overlying skin. The 
advantage of this arrangement is that the compression transmitted to the veins by 
overlj'ing structures produces secure apposition of the cusps to each other and 
tliereby insures the competency of the valve. 

E. A. 


Ochsner, H. 0., and Conner, H. M.: Lipemia Accompanied by Atheromatous and 
Occlusive Vascular Disease: Eeport of a Case and Partial Eeview of the 
Literature. Ann. Int. I^fed. 10: 258, 1936. 

Among the disorders of lipid metabolism is the so-called essential xanthomatosis 
with involvement of tlie skin, mucous membranes, and tendon sheaths, or viscera. 
Tlie vascular system also may be involved in these xanthomatous changes. A case is 
reported in which the changes in the vascular sj'stem were associated with a lipemia. 
The patient eventually died from the effect of coronary thrombosis. There was 
nothing to suggest Gaucher’s disease, and Schuller-Christian’s, Nicmann-Pick ’s and 
Tay-Sachs’ diseases were readily excluded on the basis of the patient’s age. The 
case was classified as one of essential xanthomatosis with localization primarily in 
the vascular system. 

E. A. H. 

Armentano, L., Bentsath, A., Bdres, T., Eusznyak, St., and Szent-gyorgyi, A.: 
Concerning the Influence of Substances of the Flavoral Group Upon the Per- 
meability of the Capillaries — ^Vitamin P. Deutsche med. Wchnschr. 62: 1326, 
1936. 

The authors expand the preliminary note in Nature of July 4, 1936, concerning 
the actions of these substances and append cases’ for illustration. It was previousl}' 
noted that whole lemon juice or paprika would relieve certain cases of purpura which 
were unaltered by pure ascorbic acid. Several extracts were then made from lemon 
juice, the various methods of extracting being given in some detail and one prepara- 
tion was obtained in crystalline form to wliich is given the name "citrin.” These 
substances were used in treating cases of ‘ ‘ vascular purpura ; ’ ’ that is, cutaneous 
purpuric spots affecting young adults apparently well in other respects. Platelets 
numbered from 180,000 to 280,000, capillary resistance was low (10 mm. Hg,), 
capillary nitration was rapid and protein was present in the capillary filtrate. The 
use of “citrin” brought about disappearance of purpuric spots witliin ten days, 
and return of the capillarj* resistance and other factors to normal. Unfortunately 
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. there is no notation of the number of platelets after treatment. The authors nnm- 
tion four similar cases in ^Yllicll the platelet counts wore not tlecreasod and in a hieh 
the drug Avas of no use. Last, ten instances of hemorrhagic diatlicsis neourring 
during the course of a variety of diseases as chronic infection.?, nepliritis, ;md 
diabete.s are reported in rvhieh immediate, if only temporary, relief w;i.s aiTorded 
in all instances, even when steady progress of the original disease led to death. Al- 
•though the data in these -last ten eases is insufficient, the results arrest oneV at- 
tention with regard to possibilities of the drug. 

J. M. a 

.Prinzmetal, Myron: Studies of the Mechanism of Circulatorj’’ Insufficiency in 

Baynaud’s Disease in Association With Sclerodactylia. Arch. Int. Med. 58: 

309, 1936. 

In sclerodactylia the areas of greatest eircuiatory insufficiency corrc.«pond v,-ith 
the areas of greatest shrinkage of skin and subcutaneous tissue. Skin temxk’niture 
of the digits follows room temperature much more closely than it does in Kaynamrs 
disease tvithout sclerodactylia. Various vasodilatation procedure.?, including .^yrnpa- 
tiiectom}-, failed to disturb equality of skin and room temxieruture. Artisicial 
sclerodactylia was produced in normal fingers by constricting thorn with iirossuic.< 
between 60 and 90 mm. Hg. Skin temperature, taken through a small opening in 
the constricting device, closely followed room temperature, and vasodilatation pro- 
cedures failed to disturb this equality. 

It is concluded that arterial occlusive phenomena in sclerodactylia arc probtihly 
caused by the tight skin and subcutaneous tissue, and that attempf.s to dilate the 
■ vessels in the affected area by heat or sympathectomy do not, and sliould not bo 
expected to, relieve sclerodactylia. In one patient incision of skin was tried; no 
retraction, of skin edges and no improvement followed. The most rational ther- 
apeutic procedure is the use of alternate suction and pressure. This was found to 
be helpful in some cases. 


GaUoway, E. J. M.: The Changes in the Appearance of the Wall of a Sluscnlar 

Artery Between Diastolic and. Systolic Blood Pressures. Am. .T, I ath. 32. 

1936. 

The number of folds present in the intima ami internal elastic, iamiac of musenlnr 
arteries is a criterion for tlio degree of contraction x^rcsent in the sucii-cle tissue of 
the media. 

The deforce of post-mortem contraction in excised arteries is not tmifonn. .It 
varies not only in different arteries from the .same individual but in diiTen.uit parts 
of the same seg^nent of an artery, Tl.cse differences .are due largely to diffe.-eraes 
in .stimuli produced in excising the arteries, although other f.actors r-ho probribly 

iday some part. 

Kclaxcd excised artcriev, disteiuled by }.rc-^sure,s cr]aivab:nt to :u L.'isf mm. 
or more, show a los.s of w.aviness of the intima and of tho elastic in the 

wiTll The elastic, fibers in the media ami in the cMernal elastic lamina !e?e tr.cir 
waty contour'before tim f.ber.s in the internal elastic lamina. 

The change.? in the artery wall during the passiagr of .p,. paVe wave prolmldy 
varv between a moderate folding ni the intima nn-l internal clastic bvr.itm at 
diastolic blood pressure, and a les^er degree of this folding at ysPdic prcs.atre, a 
change that mny even extend to a eomidcte less of folds in layers. 
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Gottesman, J.: Arteriovenous Aneurysm of Hand. Am. J. Surg. 33: 323, ]93G. 

A single case report is given. There vas a distinct pulsation over the thumb, 
thenar eminence, the proximal half of the index finger, and the adjacent palm. 
Pain at times was severe; bleeding was frequent following trauma. Because of 
bleeding and infection the thumb and forefinger were amputated. Pathological ex- 
amination showed the distal phalanx of the thumb and the middle phalanx of the 
index finger to be permeated by large, thick, anastamosing vascular channels. In 
mo.st eases it was impossible to identifv the vessels as arteries or veins. 

H. M. 

Theis, Frank V., and Freeland, M. R.: Peripheral Circulatory Diseases. Effect of 

Alternating Positive and Negative Pressure Treatment on Venous Blood and the 

Skin Temperatures: Preliminary Report. J. A. AI. A. 107: 1097, 1936. 

Studies were made of the effect of alternate suction and pressure, of heat, and 
of a combination of the two, on several factors in vascular insufllciencj' in the lower 
extremities. Emphasis is laid on skin temperature readings on the toes and on 
values for 0, and CO, in the blood from the upper part of the saphenous vein 
of the affected limb. When heat was used, some degree of sweating was usually 
effected. When suction and pressure was used, it was used for one hour, mea.sure- 
ments being taken before and after the procedure. 

Reasoning from values obtained for the three vtiriables, skin temperature, O. 
saturation, and CO,, the authors conclude that the effect of suction and pressure 
alone is to increase tissue metabolism rather than to increase blood flow. They base 
this conclusion mainly on a slightly reduced a%’eragc 0,/C0j ralio in venous blood 
under suction alone and on an increased average 0„/C0. ratio in venous blood re- 
sulting from reflex vasodilatation caused by heat. They agree with previous authors 
that heat should be used with suction and pressure but believe that suction and 
pressure is effective by its increasing tissue metabolism rather than by its increasing 
blood flow. 

H. AI. 

Horton, Bayard T., Brown, George E., and Roth, Grace M.: Hypersensitiveness to 

Cold With Local and Systemic Manifestations of a Histamine-Like Character. 

J. A. AI. A. 107: 1263, 1936. 

Certain subjects exhibit abnormal local and systemic reaction to cold. The 
local effects on that part of the skin exposed to cold include redness, swelling, and 
increased skin temperature on removal. There is flushing of the face, a sharp 
fall in blood pressure, a rise in pulse rate, a tendency to, or the actual development 
of, syncope. Wlien a tourniquet is placed on an arm and that hand is placed in 
cold water, there is no systemic reaction, but one or two minutes after removal of 
the tourniquet the systemic reactions are more severe than when no tourniquet is 
used. In six cold-sensitive subjects the same clinical syndrome was produced by 
administration of histamine. Analyses of gastric free hydrochloric acid before and 
after eliciting the response to cold showed differences similar to those found by in- 
jection of histamine. Attempts to isolate histamine from the blood at the height 
of a systemic reaction to cold have been unsuccessful and were also unsuccessful 
when histamine was injected in quantities sufficient to produce shock. 

Some of tlie patients have been susceptible to exposure to cold for many years. 
Systemic desensitization to cold is accomplished successfully in most patients by 
frequent short exposure of the hands to cold water. The authors refer to a case in 
the literature in which a patient was desensitized to cold by administration of 
histamine. (Bray.) 


H. Af. 
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Ledeirer, Emil: Studies of the Capillary Circulation. Parti, Basic Priuci 3 )les 

the Method. Part 11. The Action of Different Drags Upon the Circulation, 
Arch, f, exper. Path. u. Pharmakol. 182: 182 and 3G?.. 193(;. 

Part I. Studies of the nail beds of tAvelve children by means of a capiliary 
mieroscdpo.n-ere made, each on ten or eleven different days. A length of eapilla.ry 
loop 0.4 mm. long -was measured out n’ith a micrometer, and the passage of a red 
blood cell through the capillary -was timed by holding domi a button connected to 
a chronometer during its passage. For traversing the 0.4 mm. of capillary from 
1.6 to 2.4 sec. were required. Yariatioxis in the same child from day to day under 
similar conditions and at similar times were from 0.2 to O.S sec. 

Part H.- The author then proceeded to study the effect of various drugs. 

- Thyroxin, acetylcholin hydrate, and padutiu (a niusde extract ) were usually fol- 
lowed by a widening of the capillaries, the appearance of new loops, and an in- 
crease in rate of flow, frequently to a point where it was too swift to be timed. 
It is interesting to note that this occurred in fifteen to thirty minutes after sub- 
cutaneous injection of thyroxin in nine of the tnolve ciiihlren, (As is well hiiown, 
the basal metabolic rate of tissue does not eliajigo until imicli later.) Adrenalin, 
atropin, and pitressin all slowed tlie capillary stream, often to the jmiiit of com- 
plete cessation of flow, and caused disappearance of many capillary loops. 

J. M. S. 


Faber, B., and Kjaergaard, H.: X-ray Kymograms of Normal and Pathological 

Hearts. Brit. J. Radiol. 9: 335, 1936. 

This paper is one of the many which during tlie last few yeans have appeared 
in the European literature as evidence of the wide acceptance which this method of 
examination is gaining. It comes from the Provincial Hospital of Aarhins, Den- 
mark,. and is the report of 1,700 cases which have boon analyzed by the authors. 
They And x-ray kymography particularly useful in the exatninafion of mitr.al hearts. 
They emphasize the importance of hardness of tlie wall of tlie aorta in intorforing 
with aortic movements, also in .syphilitic aortitis wliich thus may become difficult to 
distinguish from arteriosclerotic aortitis by this method. They also emphasize the 
-value of this method in differentiating between aneurysm and mediastinal tumor. 
They have never found a <'Type 2” .shadow (that is the type in which the waves 
at the base of the lieart are more powerful than those in the apex area) in young 
persons with normal hearts. This they, tJiercfore, consider evidence of pathologw 
though it need not necessarily repro.^ent dofmile anatomical cliange in tlie ventricle 
of the heart. They have .seen if. especially in coronary sclerosis and tifter coronary 
thrombosis. Tiie paper closes with the remark that they believe tliat kymography 
is the future method of x-ray examination of tlie lieart. 


Beck, Claude S.: The Heart as a Surgical Organ, With Special Reference to De- 
velopraent of a New Blood Supply by Operation. OIuo State At. 32: .113, 

3930. 


A brief rdsuim? of .surgical jirocedures useful for the cure of heart diM-asc a.m] 
wounds is i>rcsonted. Tlie author then proceeds to exj.hun the Uisls for surgical 
treatmont of coronary sclerosis by implantation of pcetile nuis-le grafts to tlie v.al! 
of the heart. He de.«eribes the experimental devcloj.meut of the op-'ratihm of ardma!- 

ancl then on four jiaticnts. . , , 

He believes the experimental resnlt.s on Jitunmls anu tho-M- mgruned j,.. fear 
patients indicate that coronary sclerosis may lie jn-ated satisfactorily by Ma:h a;> 

operation. 

^ H. -McC. 
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Griswold, R. A.: Chronic Cardiac Compression Due to Constricting Pericarditis. 

J. A. M. A. 106: 1051, 1936. 

In a patient with chronic cardiac compression caused by scar (the Pick sjti- 
drome) complete relief was obtained by resection of the constricting scar. 

The roentgenokjTnogram is of value both as a positive diagnostic measure and 
as evidence of the efficacy of pericardiectomj^ 

There are advantages of ' decompression of the heart during the postoperative 
period by drainage into the pleura. 

Several points in the teclmic of the operative procedure are emphasized, es- 
pecially in the dissection of the scar from the heart. 

■ Author. 

Smithwick, E. H.: Modified Dorsal Sympathectomy for Vascular Spasm (Ray- 
naud’s Disease) of the Upper Extremity. Ann. Surg. 101: 339, 1936. 

Tlie unsatisfactory end-results from cerrlcodorsal sympathetic ganglionectomy 
for vascular spasm (Eajmaud’s disease) is attributed to degeneration of the post- 
ganglionic fibers and consequent sensitivit 3 ' to adrenalin when this takes place. 
A modified dorsal sj'mpathectomj' for relief of vascular spasm is described in 
which only preganglionic fibers are sectioned and the postganglionic fibers are left 
intact. This operation has been carried out in thirtj'-three upper extremities in 
twentj'-three patients. Eight of the eases had an associated scleroderma with fibrosis 
of the soft tissues of the fingers and often with destruction of the terminal phalanges. 
Clinical results have been extremelj- satisfactorj', as there has been no evidence 
of recurrence of vascular spasm. The longest interval since operation is eleven 
months. Three of the cases were tested by the, intravenous administration of 
adrenalin in a dilution of 1 to 250,000. The -surface temperature fall in the upper 
extremities was comparable to that obtained in a s\-mpathectomized foot. If re- 
generation of nerve fibers at a later date does not cause recurrence of vascular spasm, 
this should be a satisfactorj- procedure for eliminating vascular spasm in the 
upper extremities. 

E. A. H. 

Blum, Lester, and Gross, Louis: Teclmic of Experimental Coronary Sinus Liga- 
tion. J. Thoracic Surg. 5: 522, 1936. 

Coronarj' sinus occlusion in the dog’s heart produces a rapid increase in the 
extent of the coronarj- tree and in the intramj-ocardial collaterals as determined bj' 
the injection technic. In the majority of dogs’ hearts thus prepared it is difficult 
or impossible to induce infarction by subsequent acute occlusion (division between 
ligatures) of the left anterior descending branch approximately 2 cm. below the 
aortic ostium of the left coronary- arterj-. A description is given of the technic which 
we have found most satisfactory for the production of coronary sinus occlusion 
in the dog’s heart. We believe that the method, with variations in technic in keeping 
with a somewhat different anatomic arrangement, maj' be applicable to the human 
heart and have tlierefore presented the procedure in this report. 

Author. 

White, James C.: Surgery of the Sympathetic Nervous System. J. A. Jf. A. 107: 

350, 1936. 

Uniformly successful results have been obtained in all 18 cases of Raynaud’s 
disease of the lower extremity bj' resecting the second and third sj-mpathetic 
ganglions. Up to six years after operation results are as satisfactory as on the 
day of discharge. In the arm the operative results have, until reecntlj', been far 
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less satisfactory. Six months after resection of the upper two thoracic ^a.ncilions 
(ten cases), or of the.se two and the inferior cervical ganglion (eleven caHCs), there 
was little improvement. The operation which prove.s to be the one of choice is tliat. 
of cutting the sympathetic chain below its third thoracic ganglion and sevorina 
the communicant rami from the second and third intercostal nerves. This of^eratir-n 
has now been performed twenty-eight times on eighteen patients, and (vbscrvations 
over a period of one and a half years have demonstrated that tim lasting increase 
in blood flow in the arm after this operation can be as great as in the leg. 

Sympathectomy for other diseases than Raynaud's is discussed. 

ir. M. 

Brown, W. S.; Successful Operation for Mesenteric Vascular Occlusion. Am. .T. 

Surg. 32: 499, 193G. 

A brief review of the literature is given. The rare cases of successful surgical 
intervention are described. In the author's case a large portion of gangrenous- 
bowel, evidently ileum, was removed. The bowel was reunited. The inicroscopicnl 
report was acute liemorrhagic infarction -with necrosis and acute purulent intlannna- 
tion of the intestine. No cause for the occlusion was given. 

II. M. 

Bulirich, R. A.; Treatment of the Pain of Angina Pectoris With Cobra Venom. 

Rev. argent, de cardiol. 3: 111, 1936. 

Because of the analgesic properties of cobra \en 07 n, it was 7jsed to rdievc pain 
of patients suffering from angina pectoris. Tiic results obtained in ton jwtiejjts 
seem to be quite encouraging. In all cases pain was considerably decreased and 
the work-performing capacity -(vas considerably increa.sodj patient.'^ nljo could not 
walk more than 30 meters were able to walk a Idlomcter or more vithout trouble. 
This is a symptomatic treatment -which has no appreciable effect on blood jne.-suri.* 
or the electrocardiogram. Tlie favonible effects disappear when the treatment i.s 
discontinued. To begin, the intravenous injections should bo made every other day; 
once the condition of the patient has improved, the injection .should bo rcpcatoti 
every four to five days. No accident ascribabic to cobra venom was recorded in 

any' case. 
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Vasculau Disorders of the Limbs. By Sir Thomas Lewis, C.B.E., F.R.y., M.D., 
D.Sc., LL.D., F.E.C.P., Physician in Charge of Department of Clinical Research, 
University College Hospital, London; Honorary Physician to the Ministrj' of 
Pensions; Consulting Physician, City of London Hospital; Fellow of University 
College, London. Nen' York, 19.36, The Macmillan Company, Cloth, 8vo, 111 
pages, $2. 


This excellent volume has been rvritten by an internationally recognized authority 
on many phases of circulation. Most of the material is from papers by the author 
and liis associates previously published in the journal Heart and in the first two 
volumes of Clinical Science. The book, as the author states in the preface, is not a 
comprehensive account of vascular disorders of the limbs, and its value is somewhat 
lessened by the absence of controver.sial data and of a bibliography. 

The author believes that “the time is opportune to attempt to outline concep- 
tions of certain peripheral disorders of the circulation in a way that may prove u.^e- 
ful to those engaged, not in re.«eareh, but in practice.” There is some doubt that 
the volume u-ill serve this pui-pose since diagnosis and trc.'itment are presented very 
incompletely and inadequate!}'. The presentation is essentially that of a clinical 
physiologist interested in mechanisms rather than in disease.s. The volume pre.sents 
a definite contribution in this regard, as demonstrated in the chapters, “The Circula- 
tion in the Limb and Its Testing” and “Effects of Circulatory Arrest.” In the 
chapter, ‘ ‘ Embolism and Thrombosis of Main Arteries, ’ ’ however, the explanation 
of the marked diminution in circulation following arterial embolism is not altogether 
convincing. The elTects of emboli.sm on the circulation appear to be more profound 
than tho.«e of simple ligation or compre.ssion of an artery, and this needs further 
consideration. The short chapter, “Po.st -Ischemic Contracture: Intermittent 
Claudication,” appears complete, but the thirteen-page chapter, “Arteriosclerosis; 
Thrombo- Angiitis Obliterans,” is deficient in certain respects. The chapters, “Vaso- 
con.sti iction . Local Arterial Spasm” and “Spasmodic Arterial Obstruction; Ray- 
naud s Phenomenon,” are clearly and conci.scly written. The exjdanation, however, 
of the uniformly good results which follow .s}'mpathectomy for Raynaud’s di.=ea.se of 
t le lower extremities, in contra.st to ocea.sional failure of good results to follow' 
sympathectoni} for Raynaud ’s disease of the upper extremitie.s, is not entirely con- 
vinmng. Recent investigative work on this problem is not mentioned. The author 
lieboves that Ra}-naud’s disease is a manifestation of local fault in digital arteries 

rn} attributable to overactivity of the sympathetic nervous system. 

I le chapter, “Gangrene (Bilateral Forms; Ceiwical Rib; General),” is well pro- 
.^ente . T le one^ ^ asodilatation ; Flusliing/^ indicates that much reniains to be 
cone 0 c arif} the subject. Tlie term ^ ^ er^ihrocyanosis ' ^ is used in place of the 
commo } used terms “cutis marmorata” or “livedo reticularis,” but does not ap- 
pear o jc a bettei designation. The reader may be disposed to question the ac- 
curac}' of the statement, “It came in with .short skirts and thin stockings and will 
go ou^ wit 1 them.^ ^ The author raises objection to the term “ erythromelalgia, ” 
dT • suggested as more appropriate. Since the term ^’erythrome- 

a gia is an accepted medical term, it would seem to the reviewer advisable to retain 

the latter. 

. of the vasodilating .sj-ndrome frequently associated with polycythemia 

IS nia e. Trial of s}mpathoctomy is recommended for “erythralgia, ” but no reason 
IS given or this recommendation, and no results are mentioned. This approach ap- 
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pears , illogical to tlie re^newer since pain in tliis condilion is aggravated iiv in<’rca-- 
ing the temperature of tlie skin, an anticipated result of stiecossful synipariicetoiuy. 
The tinal chapter, "Vascular Disorders in Diseases of the Xervous t^vstern. " js 
clearly written and contains mucli valuable information. 

This book constitutes an outstanding volume of exphuuif ion.s of the mr-.-hanisni.- 
of circulatory disturbances although it seems of limited value to the phy.-;ieian w])o.-<' 
chief interests in peripheral vascular diseases are diagnosis and treatment. It is 
heartily recommended to every student of vascular disease.^, since within its covers 
are to be found explanations of many of the puzzling plienomona observed in ab- 
normalities of peripheral arterial circulation. It is the sort of work which can be 
read more than once with pleasure and referred to on numerous occasions with 
profit. 


The Clihicae Use Of’ Digitali.s. By Diew Luten, M.D., ypringtifdd, 111., IP.'p;, 

Charles C. Thomas, 220 pages. 

Those who are familiar with Dr. Luteirs splendid work upon digitalis will be 
gratified to know that he has written a book upon its clinical use. They will wel- 
come any work betiring his name with cag'erness and confidence, nor will fiiey be 
disax)pointed. He begins the preface of this volume witli the following sentence: 
"Not many years ago there were publi.-Iied two classical works on digitalis. ea<‘h a 
sjtlendid exntomo. " Presumably lie refers to the admirable work of iJobin.^ori and 
of Cushny, whose books appeared in 192.'5 and respectively. H is .safe to say 

that future writers upon thi.s subject must refer to three classical work.“. for the 
present volume more tlian measures up to the high standard of its ju-edeces.-'nr.s. 

As the title indicates, this is primarily a study of the idinical use of the drug, 
but all relevant exx)erimental work has been included in the discussion of its action. 
It i.s essentially a summary of all tlie important work of the past ten year.s in this 
field, interpreted by one of tlie acknowledged authorities in the light of his own wide 
clinical experience. While most of his references are to work- of the ]iast decade, he 
has not hesitated to make use of important contributions during the {ireccding quar- 
ter century, and some of the most ftiscinating pages in the hoolc are those devotml to 
the interpretation of case.s reported by Withering and by Mackenzie. He sf.-ites 
that he has made no attempt to harmonize conflicting opinion, but he has demon- 
strated convincingly that authoritative opinion is .already in harmony upon !tltiK.s{ 
all the essential points. 

There are too many inijiortant chapters to permit comment upon all of them. 
There are few phy.sicians, even among tiiose wlio specialize in diseases of the iieart. 
who cannot read the hook with profit ;is well as with great pleasure. To flio.M-. who 
have worked iti this field, perhaps the most important chapter.-- are those ijealing 
with the etlcct of digitalis upon the ventricular muscle and with the v.owrr %iev.v 
relating to the level of optimum efiVet and the doses rmpiired to produce it. The 
author brings forward evidence from mtiny .Hreetioiis in support of the increasinoly 
prev.alent conception that the tachycardia commonly observed in cas.-s of auricular 
fibrillation with heart failure is a result of the failure rather than a cau-e of it. 
"This conception explains the .‘•lowing from digitalis a-- thin in l.arge par? at bets? to 
tlie beneficial cfTecf which the drug is known to exert on the ventrienlar mu-ch. regu- 
larlv in cases of heart failure, and makes unneces.sary The hypothesi- tluit digitalis 
block depends solely upon a depression of renduction in tlie A-^• ti.-sm-.-." To tlo-.. 
unfamiliar witli recent work upon digitalis, the amount of evi<!cja>c .-upjeoting thh- 
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with a smaller expondifure of energy. He jiroj-erly emphasize- th-e usvic,- 
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drug in cases of toxic auricular fibrillation without heart failure and in cases of 
peripheral circulatory failure; he shows clearly that it should not be administered 
in cases of shock, septicemia, pneumonia, and other acute infections. The sections 
relating to the therapeutic zone of digitalis action and the diflterences in dosage re- 
quired for different levels of optimum effect arc extremely important, 

The longest chapter in the book is that upon dosage and method of administra- 
tion; to these important matters the author devotes sixty-four pages, every one of 
which is important. If every practitioner could be required to read this one chap- 
ter thoughtfully and repeatedly, the improvement in the therapeutic use of digitalis 
would be enormous. There is no aspect of its therapeutic or toxic action that is 
not fully and wisely discussed. 

The book closes with a quotation from "Wenckebach : ‘ ‘ Digitalis treatment is one 

of the most important and serious duties of the general physician; it demands a 
great deal of skill, power of observation, keen interest, and experience. A long life 
is too short to learn enough about this wonderful drug.’’ To the writing of this 
book, Dr. Luton has brought in abundant measure the requisites mentioned by 
Wenckebach. There is not a page that does not bear witness to his wide experience, 
his excellent clinical judgment, and his deep interest; there are scores of paragraphs 
that could have been written only by a wise, kind, experienced physician whose first 
concern is for the welfare and comfort of his patients. His book takes its proper 
place on the shelf with those of Cushny and Eobinson as the latest in a series of 
splendid critical reviews. Because it is the latest, because it includes so much work 
that is new and of fundamental importance, and especially because of the author’s 
distinction, wisdom, and clarity of expression, it stands, in the opinion of this re- 
viewer, as the finest work upon digitalis available today. 


Books Received 

KLIXIK UXD TlIEnAPIE DEIt HEnz-KUAKiniElTEN' UXD DEU GEFASSEn-KnANKIIEITEX. 
Vortnige fiir Pinktische Arzto. Von Prh’atdozent Dr. D. Scherf. Dritte verbes- 
sertc und Vermehrte Auflage. Pp. 290. Mit 10 Tcxtabbildungen. Wien: Verlag 
von Julius Springer, 19.10. 


Over Vextkicueaire Extrasystoi.ek en Hare Locau.satie. Proefsciirift. Ter 
verkrigging van den grand van Doctor in de Genceskunde aan de Hoogeschool te 
Batavia, op Gezag van den Voorzitter der Faculteit, Dr. B. J. van der Platts, 
Hoogleeraar in de Faculteit der Genceskunde, tegen de Bedenkingen van die 
Faculteit te Verdedigen op Vrijdag 29 Jlei 1930, des Voorraiddags 12 Uur. By 
Comelis Johannes Storm. Pp. 193. Paper. G. Kolff and Company. Batavia-C. 
1930. ^ 

ElectrocardiografIa PR.ACTICA. By Luis Herve L. Ajmdante de-la Catedra de 
Patologia Medica de la Universidad de Chili. Pp. 09. Paper. Libreria e.Im- 
prenta “Artes y Letras”; Santiago de Chili; 1930. 

Eoentge.vkiwograiIa Cox-centrica. By Alberto C. Jlorelli. Institute de Eadiologia;' 
Profesor Carlos Butler. Pp. 34; 32 plates. Montevideo. 3930. 

C.ARDIOPATIAS CoxGEXiTAS. By Eamon Valdivieso D., Profesor Agregado de 
Terapdutica, and Domingo Hrrutia M. Ayudante de Clinica Medica. Prologo • 

de Prof. E. Gonzalez Cortes. Pp. 158; 48 illustrations. Paper. Santiago de 
Chili; 1930. 
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